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Advant Controller 70 is a product for control of various industrial processes. It provides the 
ABB Master Programming Language methods, AMPL. AMPL is based on software 
implemented function blocks, called PC Elements, which are connected to each other into 
programs which form a complete control function. AMPL is used in all Advant Controllers. 


The PC element is the smallest unit of the AMPL. Each element performs a complete function, 
such as a logical AND gate, a timer, or a feedback control element. 


Each element has its own call name that enables it to be accessed regardless of the computer 
system the element is in. Many of the elements have call parameters which allow size, function, 
data type, and other properties to be determined. 


The mnemonic call name provides information about the basic function of the element. Further 
information about the function of the element or the data types for which the element is intended 
is given by a suffix to the name. E.g. COMP-I, comparator for integers, and COMP-R, 
comparator for real numbers, see the table below. 


Suffix Description 


B Boolean 


| Integer 


Real number 


Time 


Memory function Multiplier in compound elements 


R 
T 
G Group data 
M 
L 


Load function, Limiting function, Threshold function 


RW Read/Write 


1-of-N addressing 


Data 


Variable 


N 
D 
P Number of poles 
Vv 
O 


OR function in compound elements 
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Suffix 


Description 


AND function in compound elements 


Call Parameters 


For structure elements the call parameters determine cyclicity, place in the cycle time table 
(determines the order of execution for PC modules having the same cyclicity) and, for a slave 
element, the identity of its master header. For a function element, the call parameters may 


specify the size, data type, number of inputs and outputs, etc. 


Graphic Symbol 


Each PC element has a graphic symbol similar to the one in the figure below., 


COMP-I 
(C1) 

Tl I1>12 

12 I1=12 

I1<1I2 


Normally, the call name of the element is written in the uppermost part of the symbol. 

For certain functions, e.g. AND and OR, the name is replaced by a symbol. When the element 
has supervisory control signals, the terminals for these signals are collected in a separate part of 
the symbol according to the figure below. 


OPWNEFR 


21 


>0 10 
=0-11 
<0 +12 
0-22 


Connection of PC Element Inputs and Outputs 


Only inputs and outputs with the same data type can be interconnected. If, for example, an 
output with data of the type I is to be connected to an input of the type R, a code conversion 


element, e.g. CONV (I, R) must be inserted in the data path. 


Designation Data Type 

| Integer, 16 bit 

IL Integer, 32 bit 

R Real number 
Boolean 

T Time 
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Designation Data Type 


TR 


Time, real representation 


Group data, i.e. a collection of data with one of the above data types 


Array 


Error Handling, Integer Overflow 


The range of allowable integer values is as follows. 
For I= -32768 to 32767 
For IL= -2147483648 to 2147483647 


When the range is exceeded the output is set to the respective limiting value. 


Overflow Real Numbers 


The range of allowable real numbers is -0.1 x 10!8 to 9.2 x 10!8. When the range is exceeded 
the output is set to the respective limiting value. The smallest magnitude that can be represented 
by a real number is 5.0 x 10 ey Any output with an absolute value smaller than this is set 

to 0.0. 


Element Libraries for MasterPiece Products 


Each standard system has an element library which contains a defined subset of the total number 
of available PC elements. The Advant Controller User’s Guides contain the definition of the PC 
library. 


Programming with the PC Language 
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When programming a PC based control system, one chooses PC elements from the library, and 
includes them in a draft PC diagram. The elements are then interconnected on the diagram to 
define the exchange of data between them. 


The information on the draft PC program is used when entering the PC program in source code 
form on an Advant Station Engineering Station. The aid translates the program into object code, 
which is loaded into the target system. 
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The Data Sheets 


An element description starts with a short Summary that describes the main function of the 
element. The graphic symbol of the element is shown to the right of the summary. Symbols with 
a variable number of connections are shown in the figure below. 


MAX 
(€1,C2) 
——  1-| DEADB 
— 11- IAl1 A - 30 —— 
12 —| IA2 oF 31 — 


—— 10+c2 


The calling of the element is described under the heading Call. 


ELEMENT (C1, C2, ..., Cn) 


If the element has call parameters, these are described in a table where their permissible values 
are stated. Element terminals are described under the heading Connections. This section 
provides a table giving each terminal number, name, type and application. 


The type of connection is given as xy, where x is I or O if it is an input or an output terminal, Y 
denotes the data type previously described in the table below the heading Connections of PC 
Elements. The descriptions finish with a detailed functional description under the heading 
Function. 
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PC Elements 
SUB 
Subtractor SUB _| 
| — The call name of the element. 
Summary < Short description of the function of 
SUB is used for subtraction of two integers or real numbers = ___j = .3.-__ the element 
— 24 Te 
ees . 
Call SUB (C1) + The graphic symbol of the element. 
Parameter _| Significance Permissible valued, —— Call, with table over the call 
Cl Data type LIL,R parameters, if any. 


: a The terminals of the element are 
T ID : : 
ernie Res cneron |" described in a table. 


No Name Type Description SI | = 
1 - Ic Input for minued. Detailed description of the elements 


2 - Ic Input for subtrahend. a function. 
14 

20 - ocl Output for difference. 

Function 


The value at input 2 is subtracted from that at input | and the result is stored at output 20. 
Overflow 


If the maximum positive or negative values are exceeded, the output is limited to the highest or lowest 
representable value for the data type. 
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Description, schematic outline 
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PC Elements According to Type 


Element Type 


Element Name 


Structure Elements 


Block Header BLOCK 
Control Module Header CONTRM 
Function Header FUNCM 
Master Header MASTER 
Program Header PCPGM 
Sequence Header SEQ 
Slave Header SLAVEM 
Step Header STEP 
Combinational Elements 

And Gate AND 

And Gate with Or Gates AND-O 
And Gate with Trigger on output AND-TRG 
Inverter INV 

Or Gate OR 

Or Gate with And Gates OR-A 

Or Gate with trigger on output OR-TRG 
Threshold Function THRESH-L 
Exclusive Or Gate XOR 
Bitwise Operation on the Integer Data Type 

Read one bit BGET 
Set one bit BSET 
Memory Elements 

Set/ Reset Memory SR 

Set/ Reset Memory with And Inputs SR-AA 
Set/ Reset Memory with And/ Or Inputs SR-AO 
Set/ Reset Memory with Or/ And Inputs SR-OA 
Set/ Reset Memory with Or Inputs SR-OO 
Set/ Reset Memory with Data Input SR-D 
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Element Type Element Name 
Time Elements 
Monostable MONO 
Oscillator OSC-B 
Time Selector TIMER 
Time Delay Off TOFF 
Time Delay On TON 
Time Delay On with Retention TON-RET 
Trigger TRIGG 
Register Elements 
Queue Register FIFO 
Data Copying MOVE 
Register REG 
Group Data Register REG-G 
Shift Register SHIFT 
Switch Elements 
Switch SW 
Changeover Switch SW-C 
Multiplexers 
Multiplexer with Integer Address MUX-I 
Multiplexer with Memory and Integer Address MUX-MI 
Multiplexer with Memory and 1 of N Address MUX-MN 
Code Converter Elements 
Code Converter CONV 
Code Converter, Boolean to Integer CONV-BI 
Code Converter, Integer to Boolean CONV-IB 
Convert Drive Data with scale factor DRI-CNV 
Arithmetic Elements 
Absolute Value ABS 
Adder ADD 
Adder with Multiplied Output ADD-MR 
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Element Type 


Element Name 


Divider DIV 
Divider with Multiplier Real numbers DIV-MR 
Limiter LIM-N 
Multiplier MUL 
Integer Scaling Element MULDIV 
Square Root SQRT 
Subtractor SUB 
Counter Elements 

Counter COUNT 
Comparator Elements 

Comparator - Boolean COMP-B 
Comparator for Integer COMP-| 
Comparator for Real Numbers COMP-R 
Maximum Selector MAX 
Minimum Selector MIN 
Function Generators 

Function Generator with 1 Variable FUNG-1V 
Feedback and Filter Elements 

Three State Controller CON-PU1 
Derivator DER 
Filter with 1 Pole FILT-1P 
Integrator INT 

P Function Proportional P-14 

PDP Function PDP 
Pl-Regulator PI 
PID-Algorithm PID 
PIP-Function PIP 
Ramp Generator RAMP 
Supervision Elements 

Calculation of System Load SYSL 
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Element Type Element Name 


Element for Actual Time and Date SYSTIME 
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Short Form Description 


Element Description 


ABS Calculates the absolute value of an integer or a real number. The result is multiplied by a 
scale factor. 


ADD Adds up to 19 integers or real numbers. 


ADD-MR Adds two groups of up to 19 real numbers each and subtracts the second from the first. The 
result is multiplied by a real number. 


AND Gives the Boolean product of up to 19 Boolean values. 


AND-O Gives the Boolean product of up to 19 Boolean values and up to five Boolean sums each of a 
maximum of nine Boolean values. 


AND-TRG _ |Provides a pulse during one program cycle when the Boolean product of up to 19 Boolean 
values changes from 0 to 1. 


BLOCK Module header for blocks. 

BGET Used to read one selected bit from an integer or long integer. The integer usually contains 
packed Boolean data. 

BSET Used to set one selected bit of an integer or long integer value. The integer usually contains 
packed Boolean data. 

COMP-B Compares two Boolean values. 

COMP-| Used to compare two integers. 


COMP-R Used to compare two real numbers. 


CON-PU1 Three state controller with outputs for increase/decrease for control via an integrating 


actuator. 
CONTRM Module header for control modules. 
CONV Conversion of data between the types I, IL, R, T and TR. 


CONV-BI Converts data in BC, BCD, 1-of-N code, Gray code, and 16/82 bit packing, given at a number 
of Boolean inputs into data in integer form (I or IL). 


CONV-IB Converts data in integer form (I or IL) into data in BC, BCD, 1-of-N code and uncoded 
unpacking at a number of Boolean inputs. 


COUNT Pre-settable counter for counting pulses, up or down. With checking of the value relative to 0. 


DER Used to give derivation effect. The element has inputs and outputs for limit values, setting of 
gain, filter function for restricting the derivation effect and the possibility of following and 
external reference. 


DIV Used for dividing two real numbers or two integers. For integers the quotient is obtained 
along with a remainder at a special output. 


DIV-MR Used for division of two products of real numbers. 
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DRI-CNV DRI-CNV (DRlIve CoNVert) converts data to from integer and real by using a scaling 
algorithm. 
FIFO Queue register with up to 9 queues each with a maximum of 64 places. 
FILT-1P 1-pole low-pass filter with options for limiting the output signal and for following an external 
reference. 


FUNCM Module header for function module. 


FUNG-1V Generates a piece-wise linear function of one variable using tables, with up to 255 elements. 
If the function is strictly monotonous the inverse of the function can be generated by 


balancing. 

INT Used to give integration effect. The element has inputs and outputs for limit values, setting of 
gain and following with an external reference. 

INV Used to invert a Boolean value. 

LIM-N Used for limiting integers, real numbers or time values. Several limit values may be selected. 


MASTER Module header for master modules. 


MAX Selects the largest of up to 19 integers or real numbers. 
MIN Selects the smallest of up to 19 integers or real numbers. 
MONO Used to generate a pulse with a given duration when the input changes from 0 to 1. The 


pulse duration is specified at an input. Retriggability is controlled with an input. 


MOVE Used to move data, e.g. from one place in the database to another. 


MULDIV Used to scale integer values by dividing the product of two integer inputs. 


MUL Used for multiplication of up to 19 integers or real numbers. 
MUL Used for multiplication of up to 19 integers or real numbers. 
MUX-I Selector for up to 19 inputs. Integer address. 

MUX-MI Selector for up to 19 inputs. Integer address and memory. 


MUX-MN Selector for up to 19 inputs. 1-of-N address and memory. 


OR Gives the Boolean sum of up to 19 Boolean values. 

OR-A Gives the Boolean sum of up to 19 Boolean values and up to five Boolean products each of a 
maximum of 9 Boolean values. 

OR-TRG Provides a pulse during one program cycle when the Boolean sum of up to 19 Boolean 
values changes from 0 to 1. 

OSC-B Oscillator for a Boolean variable with variable frequency and pulse time. 

P-1 Used as an amplifier in feedback systems. The element permits output signal limiting and 
following. 
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Element Description 


PCPGM Module header for program. 


PDP Used to give proportional effect and limited derivation effect. The element permits limiting of 
the output signal and following. 

Pl Used as a standard PI regulator for serial compensation in feedback systems. The element 
permits limiting of the output signal and following. 

PID PID controller used to create simple control loops on the function group and single-variable 
level. 

PIP Used to give proportional effect and limited integration effect. The element permits limiting of 
the output signal and following. 

RAMP Used to limit the rate of change of a signal. The element permits limiting of the output signal 
and following. 

REG Used as a memory element with an optional number of positions. 

REG-G Used to assemble simple variables into one single variable of group type. 

SEQ Module header for a sequence. 

SHIFT Used as a shift register with optional length. 

SLAVEM Module header for a slave. Subordinate to a MASTER. 

SQRT Calculates the square root of a real number. The result is multiplied by a scale factor. 

SR Memory for Boolean variables. The element has one Set and one Reset input. 

SR-AA Memory for Boolean variables. The element has And gates with up to 9 inputs on the Set and 
Reset inputs. 

SR-AO Memory for Boolean variables. The element has one And gate with up to 9 inputs on the Set 
input and one Or gate with up to 9 inputs on the Reset input. 

SR-OA Memory for Boolean variables. The element has one Or gate with up to 9 inputs on the Set 
input and one And gate with up to 9 inputs on the Reset input. 

SR-OO Memory for Boolean variables. The element has Or gates with up to 9 inputs on the Set and 
Reset inputs. 

SR-D Memory for Boolean variables. The element has one Set and one Reset input and data and 
clock inputs for clocking in data. 

STEP Module header for a step. Subordinate to an SEQ. 

SUB Subtraction of one real or one integer number from another. 

SW Switching element with up to 9 closing channels. 

SW-C Switching elements with up to 9 change over channels. 

SYSL Calculation of system load 


SYSTIME Actual time and date 
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Element Description 
THRESH-L_ | Used to determine when more than a given number of Boolean signals are set to 1. 
TIMER Used to generate pulses at up to 9 outputs. The pulse duration is determined for each output 
by to times within a day. 
TOFF Delay for turning a Boolean signal off. 
TON Delay for turning a Boolean signal on. 


TON-RET _ | Delay for turning a Boolean signal on with accumulating time measurement. 


TRIGG Provides a pulse during one program cycle when the input signal changes from 0 to 1. 


XOR Used to give a signal when one and only one of the input signals is true. 
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Product Grouping 


This page shows which elements are included in the different Advant Controller 70 software 
packages. 


Advant Controller 70 with BASE SW 
ABS, ADD, ADD-MR, AND,AND-O, AND-TRG 


BLOCK, 

COMP-B, COMP-I, COMP-R, CONTRM, CONV, CONV-BI, CONV-IB, COUNT, 
DIV, DRI-CNV 

FIFO, FUNCM 

INV 

LIM-N, 

MASTER, MAX, MIN, 


MONO, MOVE, MUL, MUX-I, MUX-MI, 
MUX-MN, 


OR, OR-A, OR-TRG, OSC-B, 

PCPGM, 

REG, 

SEQ, SHIFT, SLAVEM, SQRT, SR, SR-AA, SR-AO, SR-D, SR-OA, SR-OO, STEP, SUB, SW, 
SW-C, SYSL, SYSTIME 

TRESH-L, TIMER, TOFF, TON, 

TON-RET, TRIGG, 

XOR. 


Advant Controller 70 with OPT 1 
CON-PU1, DER, FILT-1P, FUNG-1V, INT, P-1, PDP, PI, PID, PIP, RAMP, REG-G. 
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Introduction 
Execution Times 
Name Execution Time, typical (us) Notes 
ABS 21 Ci1=l 
51 C1sIL 
77 Ci=R 
ADD 14.384+C2x3.56 Ci=l 
144C2x4 C1=IL, C222 
C2x40-15 C1i=R 
ADD-MR 554+32xC14+32xC2 
AND 11.7+C01x3.4 
AND-O 22+(C1+C2+..+C6)x4 
AND-TRG 17.24+01x3.4 
BGET 21 C1=1, IL 
BLOCK 17 
BSET 24 C1=1, IL 
COMP-B 15 
COMP-| 25 C1=1, IL 
COMP-R 954+12.5x(C1+C2) 
CON-PU1 C1=0 
61 At PFxTS 
660 Not at PFxTS 
Ci=1 
68 At PFxTS 
540 Not at PFxTS 
CONTRM 950 
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Introduction 
Name Execution Time, typical (us) Notes 

CONV 25 Ik 

64 ,R 

66 IT 

65 |, TR 

36 IL, | 

72 IL, R 

74 IL, T 

74 IL, TR 

46 R, | 

53 R, IL 

112 R, T 

26 R, TR 

188 T, | 

186 T, IL 

128 T,R 

130 T, TR 

62 TR, | 

53 TR, IL 

25 TR,R 

106 TR, T 
CONV-BI 54+C3x4.9 C2=1 (BC) 

65.8+C3x9.2 C2=2 (BCD) 

43+4.9xC3 C2=3 (1 of N) 

51+10xC3 C2=4 (Gray) 

49.34+4.7xC3 C2=5 (16/32 bit BC) 
CONV-IB 59.7+5.3xC3 C2=1 or 4 

80+7.5xC3 C2=2 (BCD) 

57+4.94xC3 C2=3 (1 of N) 
COUNT 41 C1=l, IL 
DER 250 
DIV 25 Ci=l 

224 C1=IL 

82 Ci=R 
DRI-CNV 40 
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Introduction 
Name Execution Time, typical (us) Notes 

FIFO 60+3.9xC2 Ci=l, 
63+9xC2 C1=B 
59+4.8xC2 C1isIL, R, T, TR 

FILT-1P 280 

FUNCM 0 

FUNG-1V 470 

INT 163 

INV 12 

LIM-N 51.25+0.75xC2 Ci=l 
60.25+0.75xC2 C1isiIL 
65.25+0.75xC2 C1i=R, T 
68.25+0.75xC2 C1i=TR 

MASTER 950 

MAX 21.24+8.4xC2 Ci=l 
21.6+10.7xC2 C1sIL 
20+13.4xC2 Ci=R 

MIN 21.24+8.4xC2 Ci=l 
21.6+10.7xC2 C1sIL 
20+13.4xC2 Ci=R 

MONO 39 

MOVE 13+7.3xC2 C1=B 
134+5.3xC2 Ci=l 
134+6xC2 C1sIL 
13+6xC2 Ci=R 
13.44+10.6xC2 C1=T 
13+8.3xC2 C1i=TR 

MUL 10+C2x6.5 Ci=l 
C2x34-10 C1sIL 
C2x57-30 Ci=R 

MULDIV 22 

MUX-I 29 

MUX-MI 39 C1=B, |, IL, R 
43 C1=T 
A C1=TR 
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Introduction 
Name Execution Time, typical (us) Notes 

MUX-MN 47.5+3.5xC2 C1=T 
108 C1=IL, B, R, TR 

OR 12.24+3.4xC1 

OR-A 20+(C1+C2+..+C6)x4 

OR-TRG 17.2+C1x3.4 

OSC-B 33 

P-1 160 

PCPGM 950 

PDP 335 

Pl 310 

PID 3000 

PIP 340 

RAMP 275 

REG 36.5+8.5xC2 C1=B 
33+8xC2 C1=| 
34+9.2xC2 C1sIL, R 
344+14xC2 C1=T 
33.6+11.4xC2 C1=TR 

REG-G 39+4.9xC2+16xC3+3.3xC4 

SEQ 1240 — at normal STEP execution |C3=C4=C5=0 
1670 — at STEP-CHANGE estimated 

SHIFT 58 C1=B, T, TR 
48 C1=l, IL, R 

SLAVEM 0 

SQRT 230 

SR 15 (4.4) 

SR-AA 164+3xC1+3xC2 

SR-AO 164+3xC1+3xC2 

SR-D 25.5 

SR-OA 164+3xC1+3xC2 

SR-OO 16+3xC1+3xC2 

18 
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Name Execution Time, typical (us) Notes 

STEP 1240 — at normal STEP execution |C3=C4=C5=0 
1670 — at STEP-CHANGE estimated 

SUB 17 Ci1sl 
21 C1sIL 
61 C1=R 

SW 29.5+8.5xC2 C1=B 
27+8xC2 Ci1sl 
26.5+9.5xC2 C1=IL, R 
27+14xC2 C1=T 
27.54+11.6xC2 C1=TR 

SW-C 25+11xC2 C1=B 
214+10xC2 Ci1sl 
21.6+11.4xC2 C1=IL, R 
21.84+16.2xC2 C1=T 
214+13.9xC2 C1=TR 

SYSL 42.5+91.5xC1 

SYSTIME 219 

THRESH-L | 15+1.6xC1+3.3xC2 

TIMER 90+38xC1 

TOFF 24 

TON 22 

TON-RET 14 

TRIGG 16 

XOR 15 


Execution Times for Inline Code 


Name Execution Time, typical (1s) Notes 
AND 2.12+C1x0.94 
OR 2.12+C1x0.94 
SR 4.3 (4.4) 
XOR 5 


3BSE 009 177R201 19 


PC Elements Advan® Controller 70 Reference Manual 


Introduction 
Name Execution Time, typical (us) Notes 
Inline 10 onetime overhead for an inline 
begin+end sequence! 


20 


Type Circuits | 13 
begin+end 


onetime overhead for a type circuit 
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Introduction 


The following pages show the memory space requirements for PC elements when all the inputs 
of each element are connected to the output of another element. 


Name PC Statement (byte) Local Data Area (byte) Notes 

ABS 14 2 C1=l 

4 C1sIL 
ADD 2xC2+10 2 C1=l 

4 C1=IL, R 
ADD-MR 12+2xC1+2xC2 4 
AND 2xC1+10 2 
AND-O 1442x(C1+C2+C3+C4+C5+C6) | 2 
AND-TRG_~ | 10+2xC1 2 
BLOCK 12 2 
BGET 14 2 
BSET 18 2 C1=l 

4 C1=IL 
COMP-B 12 2 
COMP-| 18 6 
COMP-R 4x(C14+C2)+18 8+2x(C1+C2) 
CON-PU1 54 90 
CONTRM_ |38 4 
CONV 14 C1=l 

C1=IL, R, T, TR 

CONV-BI 2xC3+24 6 C1=l 

8 C1=IL 
CONV-IB 2xC3+24 12+2xC3 
COUNT 30 10 C1=l 

12 C1sIL 
DER 34 44 
DIV 18 4 C1=l 

8 C1sIL 
DIV_MR 10+2x(C1+C2) 4 
DRI-CNV 18 6 
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Introduction 
Name PC Statement (byte) Local Data Area (byte) Notes 
FIFO 4xC2+24 16+2x(C2+C2xC3) C1=1,B 
16+4x(C2+C2xC3) C1=IL, TR, R, T 
FILT-1P 28 40 
FUNCM 6 0 
FUNG-1V 26 36 
INT 32 32 
INV 10 2 
LIM-N 6xC2+24 14 C1=l 
20 C1=IL, R, T, TR 
MASTER 38 4 
MAX 2xC24+14 4 C1=l 
6 C1=IL 
MIN 2xC24+14 4 C1=l 
6 C1=IL 
MONO 18 12 
MOVE 4xC2+8 2xC2 C1=B, | 
4xC2 C1=IL, R, T, TR 
MUL 2xC2+10 2 C1=l 
4 C1=IL, R 
MULDIV 16 4 
MUX-1 2xC24+14 4 C1=B, | 
6 C1=IL, R, T, TR 
MUX-MI 2xC2+22 6 C1=B, | 
8 C1=IL, R, T, TR 
MUX-MN 4xC2+20 6 C1=B, | 
8 C1=IL, R, T, TR 
OR 2xC1+10 2 
OR-A 1442x(C1+C2+C3+C4+C5+C6) | 2 
OR-TRG 12+2xC1 2 
OSC-B 16 12 
P-1 28 14 
PCPGM 26 2 
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Introduction 


Name PC Statement (byte) Local Data Area (byte) Notes 

PDP 32 48 

Pl 38 36 

PID 52 90 

PIP 32 44 

RAMP 34 52 

REG 4xC2+16 2+2xC2 C1=B, | 
2+4xC2 C1isIL, R, T, TR 

REG-G 284+2xC2+2xC3 6+2xC5 C1=B, | 
6+4xC5 CisIL, R, T, TR 

SEQ 14xC3+8xC4+4xK+24 200+2xC3+8xC4 

(K = number of STEP’s) 

SHIFT 24 2+2xC2 C1=B, | 
2+4xC2 C1isIL, R, T, TR 

SLAVEM 6 = 

SQRT 14 6 

SR 12 2 

SR-AA 10+2x(C1+C2) 2 

SR-AO 10+2x(C1+C2) 2 

SR-D 18 4 

SR-OA 10+2x(C1+C2) 2 

SR-OO 10+2x(C1+C2) 2 

SR-D 18 4 

STEP 8xC1+4xC2 2+6xC1 

4xC3+2xC4+26 

SUB 14 2 Ci=l 
4 CisIL, R 

SW 6xC2+10 2xC2 C1=B, | 
4xC2 CisIL, R, T, TR 

SW-C 2xC2+10 2xC2 C1=B, | 
4xC2 C1isIL, R, T, TR 

SYSL 10+8xC1 8+6xC1 
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Introduction 
Name PC Statement (byte) Local Data Area (byte) Notes 
SYSTIME |22 16 
THRESH-L |2xC2+10 2 
TIMER 12xC1+12 12+2xC1 
TOFF 16 12 
TON 16 12 
TON-RET /18 12 
TRIGG 12 4 
XOR 12 2 
Type Circuit |8+4 onetime overhead for a type 
begin+end circuit 
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Name PC Statement (byte) (inline) Local Data Area (byte) Notes 
AND 6 2 
OR 6 2 
SR 10 2 
XOR 8 2 
& 

GET El — + | 20... PUT Al 

AND E2 — — 

AND E3 —— 


Example for assignment of inline operations to PC element terminals 


Generation of Inline Code 


Inline code is automatically generated by Advant Station 100 Series Engineering Station if at least two PC elements of types 
AND, OR, SR, or XOR follow another order. From the user’s viewpoint there is no difference between a normal PC element and 


the corresponding inline element. 


Inline PC elements are used for speed optimization of binary operations. INV can be an additional attribute of a GET-, AND-, 


OR-, SR-, or XOR-terminal. 
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Absolute Value 


ABS 


Summary 

ABS (ABSolute value) is used to form the absolute value of x|z| 

an integer or a real number. The absolute value can be (Cl) 

multiplied with an optional value. iti ols —__ 
—— 2-|K 


PC element ABS 


Call ABS (C1) 
Parameter Significance Permissible values 
C1 Data type I, IL, R 
Terminal Description 
No Name Type Description 
1 | IC7 Input. Input for number, the absolute value of which is to be obtained. 
2 K Oc! Input for multiplication factor K. 
5 O OC1 Output. Output for the product of the value at input K and the absolute value of the value at 
the input I. 
Function 


The value at input K is multiplied by the absolute value of the input I and the result is stored at the output O. 
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Adder 


Adder 


Summary 


ADD is used for addition of an optional number of integers or 
real numbers 


Call ADD (C1, C2) 


1 + 20 


ADD 


eye ey eal 


oe ae oe 


PC element ADD 


Parameter Significance Permissible values 
C1 Data type I, IL, R 
C2 Number of inputs | 2... 19 
Terminal Description 
No Name Type Description 
1 - IC Input for augend. 
2 - IC Input for addend. 
Cc - IC1 Input for addend. 
20 - IC1 Output for sum. 
Function 


The values at the inputs 1 ... C2 are added and the sum is stored at the output 20. 


Overflow 


If the maximum positive or negative values are exceeded, the output is limited to the highest or lowest representable value for 
the data type. 
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Adder with Multiplied Output 


Summary 


ADD-MR (ADDer - with Multiplier Real numbers) is used 
for addition of an optional number of real numbers. The 
numbers are added in two groups, each of a maximum of 

19 numbers, after which the second group is subtracted from 
the first. The result is multiplied with a real number. 


Call ADD-MR (C1, C2) 


PC Elements Advant® Controller 70 Reference Manual 
Adder with Multiplied Output 


ADD-MR 


—1-_ 30+C2 — 


PC element ADD-MR 


Parameter Significance Permissible values 
C1 Number of positive inputs in the addition element. 1...19 
C2 Number of negative inputs in the addition element. 1...19 
Terminal Description 

No Name Type Description 
1 7 IR Input for multiplication factor. 

11 - IR Input for addend with positive weight factor. 

12 - IR Input for addend with positive weight factor. 
10+C7 - IR Input for addend with positive weight factor. 

31 7 IR Input for addend with negative weight factor. 

32 - IR Input for addend with negative weight factor. 
30+C2 = IR Input for addend with negative weight factor. 

50 - OR Output for result. 

Function 


The sum of the real numbers at the inputs 31 ... 30 + C2 is subtracted from the sum of the inputs 11 ... 10 + C/, after which the 
result is multiplied with the value at input 1. The result is stored at the output 50. 
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Adder with Multiplied Output 


Overflow 


If the maximum positive or negative real value is exceeded, the output is limited to the greatest or lowest representable value 


respectively. 
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And Gate AND, AND-O, AND-TRG 


Summary 


AND elements are used to form general combinatorial 
expressions with Boolean variables. The elements can have a 


; pet Rc 
maximum of 19 inputs. PC element AND (3) 


1 & - 60— 


WNER 


AND-O (AND - with Or gates on the inputs) gives the ot g0k62"s 
Boolean product of up to 19 Boolean values and up to 5 
Boolean sums each of a maximum of 9 Boolean values. 


1 4 AND-TRG 90. 


AND-TRG (AND - with TRiGger on the output) provides a | a 
pulse during one program cycle when the Boolean product of ist 
up to 19 Boolean values changes from 0 to 1. PC element AND-TRG 


PC element AND-O 


Call AND (C1), AND-O (C1,C2,C3, to Cn), AND-TRG (C1) 


Parameter Significance Permissible values 
219 
9 


C1 Number of inputs 


C1 (for AND-O) | Number of inputs in the AND part of the element 


C2 (for AND-O) | Number of inputs in the first OR gate of the element 


C3 (for AND-O) | Number of inputs in the second OR gate of the element 


oOo; O;] ao} oO] NY 


9 
9 
Cn") (for AND-O)| Number of inputs in the OR part of the element 9 


(1) 1<n<6.1<C01+C2+...+Cn < 40 
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And Gate 


Terminal Description 


No Name Type Description 

1 a IB Input direct to the AND gate in the element 
2 = IB Input direct to the AND gate in the element 
C1 - IB Input direct to the AND gate in the element 
11 - IB Input to the first OR gate in the element. 

12 - IB Input to the first OR gate in the element. 
10+ C2 7 IB Input to the first OR gate in the element. 

20 - OB Output of the AND, and the AND-TRG trigger pulse. 
21 - IB Input to the second OR gate in the element. 
22 - IB Input to the second OR gate in the element. 
20+ C3 - IB Input to the second OR gate in the element. 
10x(n-1)+1 

10x(n-1)+2 - IB Input to the last OR gate in the element. 
10x(n-1)+Cn 

60 - OB Output of the AND-O element 


Function- AND Element 


The output signal is set to 1 if all of the inputs are 1, see the table below. When the result of the AND gate is set (tol) the output 
is also set. The output signal is cleared during the next program cycle, irrespective of the result of the AND gate. For the output 
signal to be set, the result of AND gate must have been 0 during one program cycle. The output signal from the element may 

only be used within its own execution unit as detection of it is otherwise not certain. 


Table AND, AND-TRG 


0 0 0 
0 0 0 
0 1 0 
0 1 0 
1 0 0 
1 0 0 

0 
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Function- AND-O Element 


This function provides faster execution than if separate elements are used. The inputs only need to be tested until the value of 
the output can be determined. If input | is 0, the output can be reset to 0 irrespective of all other inputs. See the example of 
AND-O (3,3,3) as shown below. 


Table AND-O “) 


0 X X X X X X X X 0 
1 0 X X X X X X X 0 
1 0 0 X X X X X X 0 
1 1 1 0 0 0 Xx X X 0 
1 1 1 0 0 1 0 0 0 0 
1 1 1 0 0 1 0 0 1 1 
1 1 1 0 0 1 0 1 X 1 
1 1 1 0 0 1 1 X X 1 
1 1 1 0 1 X 0 0 0 0 
1 1 1 0 1 X 0 0 1 1 
1 1 1 0 1 X 0 1 X 1 
1 1 1 0 1 X 1 X X 1 
1 1 1 1 Xx Xx 0 0 0 0 
1 1 1 1 X X 0 0 1 1 
1 1 1 1 X X 0 1 X 1 
1 1 1 1 X X 1 X Xx 1 


(1) x indicates that the input has no effect on the value of the output or the execution time of the function block. 


Function- AND-TRG Element 


When the result of the AND gate is set (to 1) the output signal is also set. The output signal is cleared during the next program 
cycle, irrespective of the result of the AND gate. For the output signal to be set, the result of AND gate must have been 0 during 
one program cycle. The output signal from the element may only be used within its own execution unit as detection of it is 
otherwise not certain. 
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Read one bit BGET 


Summary 
BGET is used to read one selected bit from an integer or long BCET 
integer. The integer usually contains packed Boolean data. (Cl) 
—— 1-]BITNR o | 10 —— 
—— 21 


PC element BGET 


Call BGET (C1) 


Parameter Significance Permissible values 
C1 Data type IIL 
Terminal Description 

No Name Type Description 

1 BITNR I The selected BIT NumbeR to read 0... 15 (C1=I) or 

0... 31 (C1=IL) 

2 | II Input. Data Input. 

10 O OB Output. Status of the bit selected. 

Function 


The bit value of input I, specified by BITNR, is loaded to output O. If BITNR is not in the range 0 to 15 (C1=I) or 0 to 31 
(C1=IL), output O is then set to 0. 
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Block Header BLOCK 


Summary 
Block header BLOCK is used to connect and disconnect the BLOG 
execution of several PC elements. 
— 140oNn RUNL 5 —— 
Call BLOCK PC element BLOCK 
ON RUN 


° 
1 5 


|_| Normal execution of 
subordinate elements 


Function diagram 


Terminal Description 


No Name Type Description 

1 ON IB Control input which is to be set (to 1) for normal execution. 
5 RUN OB RUN indicates execution of the elements in the block. 
Function 


BLOCK is used to permit the connection and disconnection of a number of PC elements in a control module, slave or sequence 
step. A block may not contain structure elements. 


Execution 


For normal execution of a block, the superior execution unit must be under normal execution, and the input ON of the block 
header must be set to 1. The execution of the block is then performed according to the conditions of the superior execution unit. 
If the ON input is set to 0 after the block has been executed, the calculated data remains until the next time the block is executed. 
If the superior execution unit is being executed in the reset mode, the elements in the block will also be executed in that mode, 
irrespective of the state of the ON input. 


Blocking 


Blocking requires the ON input to be set to 0. At reset the elements in the block will stop executing, but the latest value at each 
output will be read out to the database unchanged. To reset the outputs, the superior execution unit must be executed in the reset 
mode. The superior execution unit will then read out 0-values to the database. Blocking from a service aid is performed 
independently of the ON input of the block in accordance with the status of the execution unit which includes the block. Note 
that time delays under BLOCK, e.g. TOFF, will increase the delay time with the time of blocking. 
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RUN 


The output RUN is set only if normal execution is in progress, i.e. the superior execution unit is under normal execution and the 
ON input of the block is set. 
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Set one bit BSET 


Summary 
BSET is used to set one selected bit of an integer or long BSET (C1) 
integer value. The integer usually contains packed Boolean — 1 |EN 
d —— 2 | BITNR OF 10—— 
ata. 3- BIT 
—- 4- I 


PC element BSET 


Call BSET (C1) 


Parameter Significance Permissible values 


C1 Data type IIL 


Terminal Description 


No Name Type Description 
1 EN IB ENable. If En is reset (to 0), the current value lis |0... 15 (C1=I) or 
loaded unchanged to output O. 0... 31 (C1=IL) 
2 BITNR H Input for selecting the BIT NumbeR to set. 0... 1 
3 BIT IB Input. Value of the BIT. 
4 | II Input. Data input. 
10 O Ol Output. Output of data. 
Function 


If the value of input EN is set (to 1), the data bit determined by BITNR is replaced by the value of the input BIT and the result is 
loaded to output O. 
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Comparator for Boolean COMP-B 


Summary 


COMP-B (COMParator - Boolean) is used to compare two — !-  comp-s 
Boolean values. 


Call COMP-B PC element COMP-B 


Terminal Description COMP-B 


No Name Type Description 
1 IB Input 
2 IB Input 

C5 OB Output 


Connections 


0 0 1 

0 1 0 

1 0 0 

1 1 1 
Function 


The values at the two inputs are compared and the result of the comparison can be read at the output. The output signal is 0 if the 
input signals are different and 1 if they are equal., see the table above. 
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Comparator for Integer COMP-! 


Summary 
COMP-I (COMParator - Integer) is used to compare two COMP-I 
integers. (en) 
—— 1-/I1l fiot2-5 —_ 
1-12} 6 —_— 
SS BIR ST eT 
PC element COMP-| 
COMP-I (C1) 
Parameter Significance Permissible values 
C1 Data type IIL 
Terminal Description COMP-I 
No Name Type Description 
1 1 IC1 Input 1. Input, the value of which is to be compared with input I2. 
2 I2 IC1 Input 2. Input, the value of which is to be compared with input I1. 
5 11>12 OB Input 1>Input 2. Output which is set if the value at the input I1 is greater than the value at 
input I2. 
6 11=12 OB Input 1=Input 2. Output which is set if the value at the input I1 is equal to the value at input 
12. 
7 11<l2 OB Input 1<Input 2. Output which is set if the value at the input I1 is less than the value at input 
12. 
Function 


The values at the two inputs are compared and the result of the comparison can be read at the outputs I1<I2, 11=12 and I1>12. 
The output signal is 0 if the input signals are different and | if they are equal. At startup the output I1=I2 is set before the first 
execution independent of the values of the inputs I1 and 12. 
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Comparator for Real Numbers COMP-R 


Summary 
COMP-R (COMParator - Real) is used for limit value COMP-R 
monitoring of real numbers with relation to several limits. (C1,C2) 
Sa BT 
10 | HHYS I<H1 | -20 
11 -| H1 I>H1 b 21 
12 -| H2 I>H2 | 22 


Call COMP-R (C1, C2) 


—— 10+c1 -)Ho1 r2Hc1 L 204+c1 —_ 


30 -| LHYS I>L1} 40 
31- Ll IsL1 + 41 
32 -| L2 ISL2 | 42 


—— 30+c2 -|Lc2 Is~c2 Lb 40+c2 —_ 


PC element COMP-R 


Parameter Significance Permissible values 
C1 Number of limit values for high level | 1... 9 
C2 Number of limit values for low level |1...9 
Terminal Description 
No Name Type Description 
1 | IR Input. Input, the value of which is to be compared with limit values H1...HC7 and L1...LC2. 
10 HHYS_ |IR High HYSteresis. Hysteresis common for all H values. The hysteresis is specified as the difference 
between the I-value at which the H outputs are set and the value at which they are reset. 
11 H1 IR High 1. Upper limit value 1. 
12 H2 IR High 2. Upper limit value 2. 
10+C1 HC1 IR High C7. Upper limit value C1. 
20 I<H1 OB Input<H1. Output which is set if | is less than H1. 
21 I>H1 OB Input>H1. Output which is set if | is greater than or equal to H1. 
22 I>H2 OB Input>H2. Output which is set if | is greater than or equal to H2. 
20+C1 IZ=HC7 |OB Input>HC7. Output which is set if | is greater than or equal to HC7. 
30 LHYS IR Low HYSieresis. Hysteresis common for all L values. The hysteresis is given as the difference 
between the I- value at which the L outputs are reset and the value at which they are set. 
31 L1 IR Low 1. Lower limit value 1. 
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Terminal Description 


32 L2 IR Low 2. Lower limit value 2. 

30+C2 LC2 IR Low C2. Lower limit value C2. 

40 I>L1 OB Input>L1. Output which is set if | is greater than L1. 

41 I<L1 OB Input<L1. Output which is set if | is less than or equal to L1. 

42 I<L2 OB Input<L2. Output which is set if | is less than or equal to L2. 
40+C2 I<LC2 |OB Input<L.C2. Output which is set if | is less than or equal to LC2. 


Function 


Input signal I is compared with the limit value specified at the inputs H1...HC/ and L1...LC2. For upper limits, the output for 
the different limits will be set when the input I becomes equal to or greater than the limit value. For lower limits, the output is set 
when I becomes less than or equal to the limit value. Limits can be set optionally within the interval -9.2x10 8 ais 9.2x10!8, 
The lowest representable positive and negative values are 5.0x10 ~~ and -5.0x10° ~~. The element put outputs 20 (I<H1) and 40 
(I>L1) to | before the first execution independent of the input I. 


Hysteresis 


The input HHYS gives the hysteresis for all limits at high level and LHYS for all limits at low level. The hysteresis is given as 
the difference between the I values for which the different outputs are set and the values for which they are reset. At high level 
the outputs will be reset when I becomes lower than the limit minus the hysteresis HHYS. At low level the outputs will be reset 
when I becomes greater than the limit value plus the hysteresis LHYS. 


I<H1 
IbH1 | 20 


IZH2 


I=HC1 


I>L1 


isL1 | 40 


I<L2 


IsLC2 j 
40+C2 


Function diagram 


3BSE 009 177R201 41 


PC Elements Advant® Controller 70 Reference Manual 
Three State Controller 


Three State Controller 


Summary 


CON-PU1 (CONtroller - PUlsed 1) is a three state controller 
intended to control, by means of pulses (increase/decrease), a 
process via an integrating actuator such as a shifting motor of 
a solenoid valve. CON-PU1 can be combined with, for 
example, a PI regulator for process control. If only pulse 
generation is desired, a simplified function can be chosen with 
a call parameter. 


Call CON-PU1 (C1) 


CON-PU1 


PC element CON-PU1 


CON-PU1 
(C1) 
—— 1 - REFV PULSE DEV 30 
ees CALCUL. INC 31 
—— 3 - BLK DEC 32 
—— 4-|PF 
—— 5-|ACTT 
—— 6-| TPMIN 
—— 7-| IGAP 
—- 8-|K 
—— 9-| DEADB 
— 10 —| TMBC 
—— 20 —| MAXDEV 
—— 21 -| TPAMIN J] 
—_ 22 —| TPAC 
— 23 -| SIM ‘| SIMULA- 
—— 24 —| BAL TION OF 
—— 25 —| BALREF ACTUATOR 
POSITION 
N 
—— 26 —| DBPOS SUPER- 
—— 27 —| DBREF Ais VISION ERR 33 


Parameter Significance Permissible values 
C1 Selection of extended or ordinary function. The value|0 ... 1 
0 gives ordinary function. 

Terminal Description 

No Name Type Description 

1 REFV IR REFerence Value. Input for setpoint. 

2 | IR Input value. Input for measured value. 

3 BLK IB BLocK pulse calculation. 

4 PF II Pulse Frequency Factor. Minimum pulse cycle time=PF x TS. 

5 ACTT ITR ACTuator Time. The delay time interval of the actuator. 

6 TPMIN ITR Time Pulse MINimum. Min pulse length for excitation of the motor. 
7 TGAP ITR Time GAP. Compensation for play. 

8 K IR Pulse length factor. Pulse=(KxDEVxACTT) /100+TGAP+TPMIN. 
9 DEADB IR DEADBand. | DEV |>DEADB if a pulse is to be given. 
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10 TMBC ITR Time Minimum Between Change. Minimum pause time after DEV having changed sign. 
20") MAXDEV IR MAXimum DEViation. Maximum deviation for pulse length calculation. This value does not 
affect output DEV. 
21(1) TPAMIN ITR Time PAuse MINimum. Minimum pause time. 
22(1) TPAC IR Time PAuse Constant. Pause Time factor. Pulse time = TPAMIN+TPAC x Pulse duration. 
23(1) SIM IB SIMulate actuator position. Input for activation of simulation of actuator position. 
24(1) BAL IB BALance. Input for activation of tracking. 
25(1) BALREF IR BALance REFerence. Input for reference value when tracking. 
26(1) DBPOS IR DeadBand for POSition change. Deadband for supervision of position change of actuator. 
27(1) DBREF IR DeadBand REFerence for position change alarm. 
When | [’” DEV x K dt | > DBPOS 
a check is made to determine if 
| lta — Ito | > DBREF and if not, the error signal ERR is set. 
30 DEV OR Position DEViation. DEV =|— REFV. 
31 INC OB INCrease. Output for increase of actuator position. 
32 DEC OB DECrease. Output for decrease of actuator position. 
33(1) ERR OB ERRor. Actuator position has not followed the change commanded. 


(1) Only used with extended function, (C1=1) 


Function 


The three state controller CON-PU1 is intended to control, by means of pulses at the outputs INC and DEC (increase/decrease 
respectively), a process via for example a shifting motor or a solenoid valve. With the call parameter C1 can be selected 

ordinary (C1=0) or extended (C1=1) function. The following inputs should be in unit % (0-100): REFV, I, DEADB, MAXDEV, 
BALREF, DBPOS, DBREF. 
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actuator 
BALREF position 


Control 
Supervision 


Function diagram for ordinary function (C1=0) 
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Extended Function (C1=1) 


The feedback can be obtained from the actuator or the element can simulate the actuator position internally. The effective pulse 
duration is proportional to the control error and is calculated as follows: 


PLog= | DEVxKxACTT | / 100, where: 
DEV = Control deviation = I-REFV (%). 
K = Pulse length factor. 


ACTT = Actuator delay time interval in seconds. 


To permit gradual correction of a large control error, | DEV |, is limited to MAXDEV. The actual time pulse duration is 


calculated as: 
PL =(| DEVxKxACTT |)/100+TGAP+TPMIN where: 


TPMIN = Min pulse duration for excitation of the shifting motor or solenoid valve. This is the shortest pulse length which 
affects the actuator. 


TGAP = Play compensation. Added to the first pulse after a polarity change. 


For control errors less than a deadband (DEADB, %) the correction is considered to be complete and no further pulse is 
calculated. TMBC is a delay time that gives the shortest pause time after a change of the pulse outputs INC/DEC. Calculation of 
a new pulse duration is activated at the interval PF x TS where TS is the sample time of the function, i.e. the cycle time of the 
element. 


PI P 
CON-PU1 1 Database — 


Desired 


Actuator position 


Measured value 


CON-PU1 as a position controller with position feedback 


The least permitted pause time between two pulses is determined however by the parameters TPAMIN and TPAC so that the 
Pause time = TPAMIN+TPAC x PL where PL is the pulse duration calculated most recently. These possibilities of setting the 
pause time are normally only used when CON-PU1 is used as a stand alone regulator and provide great flexibility in trimming 
the regulator. By setting PF x TS relatively large and TPAMIN=TPAC =O, a constant pulse frequency is obtained. To obtain a 
constant pause time between the pulses, TPAC is set to 0 and TPAMIN to the required pause time. This is necessary when 
controlling processes with long time constants. 


CON-PU1 


Desired 
value 


Al board 


Measured value 


CON-PU1 as a stand alone controller 
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REFV 


100% 


Relationship between input and output signals 


Fa 2 ap ee 


PF'ts PF“ts 


Pause time = TPAMIN + TPAC x PL, TPAMN =TPAC = 0 


ey Sees (ees | 


Pause time = TPAMIN + TPAC x PL, TPAC = 0 


a ee ee | eee 


Pause time = TPAMIN + TPAC x PL. TPAMIN and TPAC > > 0 


In processes with long delay times, pause times = the delay time are selected. 


The pause time can be made to be dependent on the duration of the latest pulse calculated with the parameter TPAC. This 
function is used when a rapid control of small errors is required but when limits on the speed of change in the process response 


require long pause times with large changes. 
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When CON-PU1 is used as a position regulator for a motor actuator, different building up processes are obtained depending on 
a parameter G, this being in principle the relationship between the real data of the actuator and the parameters set in CON-PU1. 


G=(k x ACTT)/ACTT,+100 x (TGAP-TGAP,, + TPMIN-TPMIN,)/ (ACTT,, x | DEV ), where TGAP, is the actuator play., 
TPMIN, the least pulse length to which the actuator reacts and ACTT,, the time delay time interval of the actuator. The figure 
below shows the building up process for different G, where only (k x ACTT)/ACTT, has been included. The system is unstable 
when G 2 2. 


Measured 
value 
-—- G=1,0 
G=1,5 
G=2,0 


Cas” Building up process 


Simulation of Actuator Position 


When it is not possible to feed back the actuator position to the element, the position can be simulated internally in the element 
by integrating DEV x K x ACTT. The simulated value is limited to between 0 and 100%. When BAL is set, BALREF is used as 
an integrator value. This is used, for example, with a limit switch on the actuator to set the integrator to a known value or forced 
control when manually controlling the process. With simulation, the preceding regulator should have an output signal with 
greater range than 0-100% (e.g., 100—200%). 


Supervision 


N 
When by |DEV,, x K,| > DBPOS, a test is made to determine if | Iy-Ip | > DBREF. DEV,, is the deviation at the beginning of 


n=1 
pulse n, that is, the deviation which is used for calculating the pulse length. Ip is the feedback signal before the first pulse, Iy is 
the feedback signal after the Nth pulse. 
This means that the supervision sums DEV x K for each pulse, and when the sum has exceeded the value DBPOS, a check is 
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made (after concluded pulse time) that the feedback signal has changed by at least the value DBREF. If the feedback signal has 
not changed enough, ERR is set. After the check, the sum is cleared. 


The sum is cleared, and ERR is reset, when DEV changes sign or when DBPOS is not exceeded after 9 pulses. Theoretically 
you can set DBREF=DBPOS. This means that the actuator follows the controller without delay. In practice, you will have to set 
DBREF < DBPOS. 


Ordinary Function (C1=0) 


With ordinary function only pulse generation according to PL = ( | DEV | x KI x ACTT)/100 + TPMIN + TGAP is performed. 
If | DEV | <DEADB no pulse is obtained. 
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Control Module Header CONTRM 


Summary 
CONTRM 
CONTRM (CONTRo! Module Header) is used for (C1,C2,C3) 
structuring and execution control of control modules. — 1lon RUNL 5 —_ 
Function modules, blocks and elements can be included in a = : as MODP + 6 —— 
control module. 
PC element CONTRM 

Call CONTRM (C1, C2, C3) 

Parameter Significance Permissible values 

C1 Cyclicity in ms Allowed values are between 2 ms and 20000 ms in steps of 2 ms. 

C2 Place in the cycle time table and/or | 1... 251: place in the cycle time table, cyclic activation. 

scheduling strategy. 252: activation at initialization after power down. 
254: activation at warm start initialization after power down. 
C3 Currently not used 


Terminal Description 


No Name Type Description 
1 ON IB Control input which is to be set (to 1) with normal execution. 
2 SINGLE IB If input ON and R are 0 the elements in the control module can be executed once by setting 
SINGLE. 
3 R IB Reset. Input for clearing of the elements in the control module. 
5 RUN OB RUN indicates that the elements in the control module are executed. 
6 MODP OB MODify Permission. Output that indicates if the module may be modified from service aids. 
Function 


The control module header CONTRM is a superior execution controlling element for a control module. The call parameter C1 is 
used to specify how often the control module is to be executed and call parameter C2 is used to specify the place in the cycle 
time table on which the execution sequence of execution units with the same cycle time is based. When and how the control 
module is to be executed is determined with the control inputs ON, SINGLE and R. 


Normal Execution 


The input ON is to be set with normal execution and the control module is then executed in accordance with the call parameters 
C1 and C2. If the ON input is reset after execution of the control module, the calculated data remains until the next time the 
control module is executed. The ON input overrides the SINGLE input, i.e. if ON is set SINGLE has no effect. The execution is 
performed in three steps: 

1. Entry of variables from the data base and from modules with higher priority. 
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2. Element execution. 
3. Reading of variables to the database and to modules with higher priority. 


SINGLE Execution 


If the SINGLE input is set when the ON input is reset, the control module is executed once in accordance with normal 
execution. 


Clearing 


If input R is set, the control module is executed in the reset mode. This means that all outputs of the elements within the control 
module are given original values which in most cases are the 0-value of the data. Reading to the data base is performed with data 
value=0 for all data types. Input R overrides the inputs ON and SINGLE. 


RUN 


Output RUN is set only if normal execution is in progress, i.e. if ON is set, or if the control module is being SINGLE executed. 
With SINGLE execution, the RUN output is set during one cycle only. 


MODP 


Always true. 
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Effects from PCPGM 


ON and the R inputs and the blocking functions on the program header override the inputs on the control module header. The 
input ON on PCPGM must be set to permit normal execution or reset execution of the elements in the control module. 


Reading variables from the 
I/O devices, common data 
area and other modules. 


Normal execution of 
elements. 


Writing variables to the /O 
devices, common data area 
and other modules. 


1 | SINGLE 


Execution of elements 
in reset mode 


MODP 


Always=true 


Function diagram 
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Code Converter CONV 


Summary 
CONV (CONVerter) converts integer, real, time and time-real CONV 
data from one representation to each other. Genes) 
9 a 
ERR |- 6 —— 
PC element CONV 
Call CONV (C1, C2) 
Parameter Significance Permissible values 
C1 Data type of input I, IL, R, T, TR 
C2 Data type of output I, IL, R, T, TR 
Terminal Description 
No Name Type Description 
1 | IC1 Input. Input for data to be converted. 
5 O OC2 __ | Output. Output for converted data. 
6 ERR OB ERRor. Output which is set (to 1) if a limit is reached at output O. 
Function 


Data at input I with data type in accordance with call parameter C1 is converted to data with data type according to call 
parameter C2 at the output O. When conversion is to the data types I and IL (integer) and T (time), overflow can occur at the 
max or the min. limit values. The error signal output ERR is set when overflow occurs. 


Rounding Off 


When converting from real numbers to integers, the number is rounded up when the decimal is 0.5 or greater, and down when 
the decimal is less than 0.5. When converting from T to R, I or IL, the value given is the number of entire seconds from 
midnight. When converting from R, I, or IL to T, the input value is treated as the number of entire seconds from midnight. 
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Code Converter, Boolean to Integer 


Summary 


CONV-BI (CONVerter - Boolean to Integer) converts data 
from BC, BCD, 1-of-N, Gray code or 16/32 Bit Packing, 
formed from Boolean variables into integers. The element has 


a memory function for storage of converted data. 


Call CONV-BI (C1, C2, C3) 


Code Converter, Boolean to Integer 


CONV-BI 


CONV-BI 
(C1,C2,C3) 
—— i-_ss ERR |-5 —— 
——_ 2 -) L 
==, 3 \i 
——_ 4_| SIGN 
a TS ob 50 —— 
ee eer 
—— 10+¢3 -| 1c3 


PC element CONV-BI 


Parameter 


Significance 


Permissible values 


C1 


Data type of output 


IL 


C2 


Type of conversion 
1 for BC 

2 for BCD 

3 for 1-of-N code 
4 for Gray code 

5 for Bit Packing"? 


1...5 


C3 


Number of inputs for data to be 


converted. 1... 31 


If C2=5 then C3 must be 15 or 31. 


1...31 


(1) When C2=5 the output O cannot be interpreted as I/IL by the aid. 


Number of inputs required with 


l IL 
BC 15 31 
BCD 18 31 
1-of-N 31 31 
Gray 15 31 
Bit packing 15+ SIGN 31+SIGN 
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Terminal Description 


No Name Type Description 

1 Ss IB Set. Input for storage of a new value each time the element is executed. When this input is reset (to 0) 
the latest calculated value will remain at the outputs. 

2 L IB Load. Dynamic input for loading of data. 

3 R IB Reset. Input for clearing of the output. This input overrides the S and L inputs. 

4 SIGN | IB Input set (to 1) with negative data values. If C2=5 SIGN is used as the most significant input to get a 
16/32 bit conversion. 

5 ERR OB ERRor. Output which is set when more than one input is set with conversion of 1-of-N code or if the 
integer value to be stored at the output cannot be represented by the data type. 

11 i IBC) | Input 1. 

12 2 IB(1) | Input 2. 

10463 |1c3 | IB(1)__| Input c3. 

50 O OC1 | Output. Output for converted data. 


(1) The data at each of these inputs is of Boolean type but together they form a value of the type specified by parameter C1. 


Function 


The element converts binary code (BC), binary coded decimal code (BCD), 1-of-N code, Gray code, or uncoded Booleans 
(Bit Packing) to integers of data type I (16 bit) or IL (32 bit). The SIGN input can be used as a sign bit (C2 = 1, 2 or 3) or as most 
significant bit (C2 = 5). 
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Examples of Input Values with Different Decodings 


aa ar BCD 1-of-N 

i 1 1 1 1 
l2 2 2 2 2 
13 4 4 4 3 
14 8 8 8 4 
15 16 16 10 5 
I6 32 32 20 6 
I7 64 64 40 7 
18 128 128 80 8 
I9 256 256 100 ) 
110 512 512 200 10 
I31 230 230 

SIGN sign 231 


Only one of the inputs may be set with 1-of-N code. All inputs have a fixed value with BC, BCD and 1-of-N codes but not with 
Gray code. 


4 3 2 2 4 3 2 1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 
0 |O |O jO jO jO JO JO |0 0 0 0 0 0 0 |O |O0 jO0 jO0 jO JO JO |0 
0 jO |O }1 0 |O |O |1 0 0 0 0 0 0 0 |O jO jO jO JO |O0 |O |1 
0 |O |1 0 jO |O }1 1 0 0 0 0 0 0 0 jO jO jO0 jO JO |O 71 0 
0 |O |1 1 0 |O |1 0 |0 0 0 0 0 0 0 |O |O jO0 jO jO }1 0 |0 
O }1 0 jO |O }1 1 0 |0 0 0 0 0 0 0 |O jO0 jO |O |1 0 |0 |0 
0 |1 0 |1 0 /1 1 1 0 0 0 0 0 0 0 |O jO |jO |1 0 |O |O0 |0 
O }1 1 0 |O |1 0 /1 0 0 0 0 0 0 Oo jO |O }1 0 |O |O |O0 |0 
0 |1 1 1 0 /1 0 |0 |0 0 0 0 0 0 0 j|O |1 0 |O |O jO0 |O0 |0 
1 0 |O |O }1 1 0 |0 |0 0 0 0 0 0 O }1 0 |O |O |O jO0 jO0 |0 
1 Oo |O }1 1 1 0 /1 0 0 0 0 0 0 1 0 |O |O |O |O0 JO jO |0 
1 0 /|1 0 }1 1 1 1 0 0 0 0 0 1 0 |O |O0 }O0 jO0 jO0 JO JO |0 
1 0 /1 1 1 1 0 |0 |0 0 0 0 1 0 0 |O |O0 jO0 jO jO JO JO |0 
1 1 0 |O |1 O }1 0 |0 0 0 1 0 0 0 |O |O0 |O0 jO jO JO JO |0 
1 1 oO }1 1 0 |1 1 0 0 1 0 0 0 0 }O |O0 jO0 jO jO JO JO |0 


3BSE 009 177R201 55 


PC Elements Advant® Controller 70 Reference Manual 
Code Converter, Boolean to Integer 


Storage of Data 


The code at the inputs I1... IC3 is converted and stored immediately the input L is set. If input S is set, the input code is 
converted and the integer is stored each time the element is executed. When S is reset (to 0) after having been set, the data stored 
most recently remains. The input S overrides the input L, i.e. when S is set, L has no effect. 


Clearing 


The input R clears the output and prevents all further storage of data while R is set. 


Supervision 


When converting 1-of-N code the setting of only one of the inputs | ... IC3 is supervised. If two or more inputs are set, the value 
of the input signal with the lowest number is stored. The error signal output ERR is also set. If the integer value to be stored at 
the output exceeds the value which can be represented, the error signal output is set. In addition, the output is limited to the 
upper or lower limit value. 


CONV-BI 


Function diagram 
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Code Converter, Integer to Boolean 


Summary 


CONV-BI (CONVerter - Integer to Boolean) converts data 

from integer into BC, BCD, 1-of-N, Gray code 16/32 bit BC 
formed from Boolean variables. The element has a memory 
function for storage of converted data. 


Call CONV-IB (C1, C2, C3) 


N 
l 
\Z 
EF 
n 
H 
Q 
Z 


——_ 10-1 ol 


oc3 


CONV-IB 


YTHNW 


1; —— 


a 


1O+C3-+— 


PC element CONV-IB 


Parameter Significance Permissible values 
C1 Data type IIL 
C2 Type of conversion 1...4 
1 for BC 
2 for BCD 
3 for 1-of-N code 
4 for bit unpacking") 
C3 Number of converted data. 1...32 


(1) When C2=4 the input 1 cannot be interpreted as I/IL by the aid. 


Number of outputs required with different codes 


I IL 
BC 15 31 
BCD 18 32 
1-of-N 31 32 
Bit packing 15+ SIGN 31+SIGN 
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Terminal Description 


No Name Type Description 

1 S IB Set. Input for storage of a new value each time the element is executed. When this input is reset (to 0) 
the latest calculated value will remain at the outputs. 

2 L IB Load. Dynamic input for loading of data. 

3 R IB Reset. Input for clearing of the outputs. This input overrides the S and L inputs. 

5 ERR OB ERRor. Output which is set when the integer value to be converted exceeds the value which can be 
represented at the outputs. 

6 SIGN |OB Output set to 1 with negative data values. If C2=4 SIGN is interpreted as bit 16/32. 

7 ZERO |OB Output set to 1 when the value at the input | is zero. 

10 | IC1 Input. Input for the integer value to be converted. 

11 O1 OB") | Output 1. 


12 02 OB(1) | Output 2. 


10+C3 |OC3 |OB(1) | Output C3. 


(1) The data at each of these outputs is of Boolean type but together they form a value of the type specified by parameter C2. 


Function 


The element converts integer values of the data types I or IL into Boolean variables using binary code (BC), binary coded 
decimal code (BCD), 1-of-N code or uncoded unpacking. The code conversion to be performed is specified by the call 
parameters C1 and C2. With positive data values the output SIGN is reset (to 0) and with negative values, set (to 1). For bit 
unpacking SIGN is used as the most significant bit. 


Examples of Output Values with Different Decodings 


BC BCD ont 
O1 1 1 1 
02 2 2 2 
03 4 3 3 
O04 8 4 4 
O5 16 5 5 
06 32 6 6 
O7 64 7 7 
08 128 8 8 
09 256 9 9 
010 512 10 10 
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Examples of Output Values with Different Decodings 


1-of-N- 


BC BCD 
code 


SIGN!) | 231 


(1) SIGN is used as a sign for BC, BCD and 1- 
of-N.Only one of the outputs is set with 1- 
of-N code. 


Storage of Data 


The integer at the input I is converted immediately the input L is set. If input S is set, the input code is stored and the result is 
converted each time the element is executed. When S is reset (to 0) after having been set, the data stored most recently remains 
until the element is once more executed with one of the inputs S, L or R set. The input S overrides the input L, i.e. when S is set, 
L has no effect. 


Clearing 


The input R clears the output and prevents all further storage of data while R is set. 


Supervision 


When converting data from integers to 1-of-N code, the numbers are restricted to —32 to +32. If the integer value to be converted 
exceeds the value which can be represented at the outputs, the error signal output is set. In addition, the output is limited to the 
upper or lower limit value. 


CONV-IB 


Function diagram 
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Counter 


Counter 


Summary 


COUNT (COUNTer) is a pre-settable counter for counting 
pulses, up or down. The counter also monitors the relation of 


the counter value to 0. 


Call COUNT (C1) 


COUNT 


COUNT 
(C1) 
— 1-).L >o L 10 —— 
—— 2-|U/D-N =0} 11—— 
— 3-)c <O - 12 —— 
—— 4-/R 
—— 5-|EN 
—— 21-]1 of 22 —_— 


PC element COUNT 


Parameter Significance Permissible values 
C1 Data type IIL 
Terminal Description 
No Name Type Description 
1 L IB Load. Loads the counter with the value at input I. 
2 U/D- N IB ale Input which determines if the counter is to count up (U/D-N=1) or down (U/D- 
3 C IB Clock. When this input changes from 0 to 1 the counter counts up or down in accordance 
with the status of the input U/D-N. 
4 R IB Reset. Input which clears the counter and prevents all further counting or loading. 
5 EN IB ENable. Input which is to be 1 to permit counting or loading. Reset execution is, however, 
performed independently of EN. 
10 >0 OB Output which is set when the value of the counter is greater than 0. 
11 =0 OB Output which is set when the value of the counter is 0. 
12 <0 OB Output which is set when the value of the counter is less than 0. 
21 | IC1 Input. Input for new value when loading. 
22 O OC! Output. Output for counter value. 
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Function 


The counter value increases or decreases by | immediately the input C is set. The value increases if U/D—N=1 and decreases if 
U/D-N=0. The duration of the counter period may not be less than 2 x the cycle time of the program. 


When the input L is set, the counter is loaded with the value at input I. If both input L and input C are set simultaneously, the 
counter is first loaded after which an up or down count is performed. The input EN must be set for the counter to count or load a 
new value 


Clearing 


The input R clears the counter and prevents all further counting or loading. R overrides EN. 


Supervision 


The status outputs specify the relation of the counter value to zero (>0, =0, <0). When the counter reaches its least or greatest 
value for the data type, all counting ceases. 


COUNTER 


UPCOUNT 


DOWNCOUNT 


SWITCH 
ACT 


PRESET 
VALUE 


RESET 


COMP-| 


12 I>I2 
I1= 12 
11 11<I2 


Function diagram 
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Derivator 


Summary 


DER (DERivator) is used to give derivation effect. The 
derivation effect can be limited with the filter function, which 
serves as a low pass filter. The output signal can be limited 
with limit values specified at special inputs. The balancing 
function permits the output signal to follow an external 
reference and permits a bumpless return to the normal 
function. All transfers from static states are bumpless. 


Call DER 


Terminal Description 


DER 

Do OF 10 —— 
— 2-K O=HL } 11 —— 
—— 3-4-|TD O=LL + 12 —— 
—— 4-|TF ERR | 13 —— 
—— 5-| RDER 

-— 6) BAL 

—— 7 -| BALREF 

—— 8 —| OHL | 

pe OE 


PC element DER 


7 t 
TF “ 


Step response 


DER 


No Name Type Description 

1 | IR Input. Input for actual value. 

2 K IR Input for setting gain. 

3 TD ITR Time Derivation. Input for time constant for derivation. 

4 TF ITR Time Filter. Input for filter time constant. 

5 RDER IB Reset DERivator. Input for clearing derivator. 

6 BAL IB BALance. Input for activation of following. 

7 BALREF IR BALance REFerence. Input for reference value when following. 

8 OHL IR Output High Limit. Input for upper limit value. 

9 OLL IR Output Low Limit. Input for lower limit value. 

10 O OR Output. Output signal. 

11 O=HL OB Output = High Limit. Output which is set to 1 if the output is limited to the upper limit value. 
12 O=LL OB Output = Low Limit. Output which is set to 1 if the output is limited to the lower limit value. 
13 ERR OB ERRor. Output which is set to 1 if OHL is less than OLL. 
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Function 

The step response in the time plane for a derivator is: 

O(t)=K (TD/TF)xe/TE x I(t) where I(t) specifies the magnitude of the step. 
The transfer function for a DER function is: 

G(s)=K(s x TD)/(1+s x TF) 


This has been implemented in the DER element as a recursive algorithm. The design of the algorithm is such that normal 
functioning is maintained even during limiting. This ensures a controlled return to a dynamic state. 


Gain, Derivation Time, Filter Time and Sampling Time 


Certain constants are precalculated to make the execution time of the element as short as possible. The results are stored 
internally in the element. These constants are recalculated if TD, TF or K are changed by more than 1/128 of their previous 
value or if the sampling time TS is changed. When recalculating a test is performed to check whether TD and TF 2 2 x TS. If 
this is not the case TD and/or TF is set equal to 2 x TS. 


Clearing of the Derivator 


Both the output O(t) and the internal state of the output are cleared when RDER goes to 1. 


Following 


If BAL is set to 1, the derivator immediately goes into following and the output O is set to the value of the input BALREF. If the 
value at BALREF exceeds the output signal limits, the output is set to the limit value concerned. Return to dynamic state is 
bumpless. 


Limitation Function 


The limitation function limits the output signal to the values at the inputs OHL for upper limit and OLL for the lower limit. If the 
actual value exceeds the upper limit, the output O=HL is set to 1 and if it falls below the lower limit, the output O=LL is set to 
1. The element checks that the upper limit value OHL is greater than the lower limit value OLL. If this is not the case, the output 
ERR is set to 1. While the error status persists, the outputs O=HL, O=LL and O retain the values they had in the sample before 
that in which the error occurred. After an error the return to a dynamic state is bumpless, in the same way as in the case of 
following above. 
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lgw 


Bode diagram 


OHL 


BALREF 


Function diagram 
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Divider 

Summary 

DIV is used for division of two integers or real numbers. : a tea = — 
When dividing integers, the quotient is obtained with the 


remainder at a separate input. 


PC element DIV 


Divider 


DIV 


Call DIV (C1) 
Parameter Significance Permissible values 
C1 Data type I, IL, R 
Terminal Description 
No Name Type Description 
1 = IC1 Input for dividend. 
2 - IC1 Input for divisor. 
20 - OC1 Output for quotient. 
21 REM Oc! REMainder. Output for remainder. Applies only with division of integers. 
Function 


The value at input | is divided by the value at input 2. The quotient is stored at output 20. When dividing integers, the remainder 
is stored at the output REM. 


Overflow 


If the maximum positive or negative values are exceeded, the output is limited to the highest or lowest representable value for 


the data type. 
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Divider 
Summary 
1d 
DIVider with Multiplier Real numbers is used for division of —-t,y/. pt Fie =) 
two products of real numbers. — 61 
lS 
— 20+c2 + 


Call DIV-MR (C1, C2) 


PC element DIV-MR 


DIV-MR 


Parameter Significance Permissible values 
C1 Number of inputs in the first multiplication element. tse 19 
C2 Number of inputs in the second multiplication element. 1...19 
Terminal Description 

No Name Type Description 

1 7 IR Factor for the dividend. 

2 = IR Factor for the dividend. 

- - IR Factor for the dividend. 

C1 = IR Factor for the dividend. 

21 7 IR Factor for the divisor. 

22 = IR Factor for the divisor. 

- a IR Factor for the divisor. 

20+C2 |- IR Factor for the divisor. 

40 - OR Output for quotient. 
Function 


The product of the real numbers at the inputs | to C1 is divided by the product of the real values at the inputs 21 to 20+C2. The 


quotient is 


stored at the output 40. 


Overflow 


If the maximum positive or negative real number is exceeded, the output is limited to the highest or lowest representable value 
respectively. 
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Convert Data with Scale Factor 


Summary 


DRI-CNV (DRIve CoNVert) converts data to from integer and 


real by using a scaling algorithm. 


DRI-CNV is useful for conversion of data received by DRI-R 
or sent by DRI-S. 


Call DRI-CNV(C1, C2,) 
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Convert Data with Scale Factor 


WNE 


DRI-CNV 


DRI-CNV 
(C1,C2) 


OUTREF 
INREF 
I 


OF 5 — 


Parameter Significance Permissible values 
C1 Input data type I,R 
C2 Output data type I,R 


Terminal Description 


No Name Type Description 

1 OUTREF IC Value of OUT REFerence which corresponds to value defined at in reference. This value is 
used for scaling, see formula below. 

2 INREF IC2 Value of IN REFerence which corresponds to the value defined at out reference. This value 
is used for scaling, see formula below. 

3 | IC Input, Input data to be converted 

5 O OC2 Output, Output for converted data 

Function 


Data input I with data type accordance with call parameter C/ is converted to data with data type accordance to call parameter 
C2 at the output O. The conversion is using the following formula for scaling. 


O= 


_ 1x OUTREF 
INREF 


When conversion is to the data type I, overflow can occur at the max or min. limit values. The output signal is then limited to the 
upper and lower limits of integer data (-32768 ... 32767). 


The quotient of the out reference and in reference is calculated only at every 20:th. cycle to reduce the load on the element. 


The result is buffered and used in the rest of the calculation. The OUTREF and INREF should therefore not be dynamic. 


3BSE 009 177R201 


67 


PC Elements Advant® Controller 70 Reference Manual 
Queue Register 


Queue Register 


FIFO 


Summary 
The queue register FIFO (First In First Out) can be used for FIFO 
: : (C1,C2,C3) 
storage of data to be used later and irrespective of when the 
data was stored. The different queues in the element work in 1 K IN FULL | 8 
; Aer . 2 4S OUT occ 9 
parallel, i.e. reading in, reading out, etc. are performed at the 3 IR EMPTY L 10 
same time in all of the queues. Data may be of the types 
integer, real number, Boolean or time. A maximum of 
' . 11 411 011 12 
9 queues each with a maximum of 64 queue places can be 21 | I2 02 L 22 
selected. 
—_ 10xc2+1 + Ic2 oc2 | 10xc2+2 —— 
PC element FIFO 
Call FIFO (C1, C2, C3) 
Parameter Significance Permissible values 
C1 Data type I, IL, R, B, T, TR 
C2 Number of queues 1...9 
C3 Number of queue places in each queue | 2 ... 64 
Terminal Description 
No Name Type Description 
1 IN IB Dynamic input for entry of data in the queues. Data is read from the inputs I1 ... 1C2. 
2 OUT IB Dynamic input for reading data from the queues. 
3 R IB Reset. Input which clears the queue register and prevents all further entry. 
8 FULL OB Output which is set when the queue register is full. 
9 OCC Ol OCCupied. Output which specifies how many queue places are occupied. 
10 EMPTY OB Output which is set when the queue register is empty. 
11 I IC1 Input 1. Input data to queue no. 1. 
12 O1 OC1 Output 1. Output data from queue no. 1. 
21 12 IC1 Input 2. Input data to queue no. 2. 
22 02 OC! Output 2. Output data from queue no. 2. 
10xC2+1 | 1C2 IC1 Input C2. Input data to queue no. C2. 
10xC2+2 | OC2 OC1 Output C2. Output data from queue no. C2. 
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Function 


Each queue has a data input I. It is used when data is to be entered at the end of the queue. Each queue has a data output O. 
Data from place 1 in each queue is continuously available at the outputs Ol ... OC2. If both of the dynamic inputs (IN and 
OUT) are set during the same program cycle, entry is performed first and then reading out. 


Entry of Data 


Data at the I inputs are placed last in the queues when input IN is set. When the queue register is empty, data is stored at queue 
place 1, then at queue place 2, etc. 


Output of Data 


When input OUT goes to 1, data at each used place in all the queues is moved to the place with the number immediately below. 
0 is written at the last place used. Data which was previously stored at queue place 2 is now at queue place | and can be read at 
the outputs Ol ... OC2. 


Clearing of the Complete Register 


When the input R is set, the complete contents of the queues are cleared. All further entry is blocked. 


Supervision 


How many queue places are occupied is indicated continuously by the output OCC. When the queue register is full, the output 
FULL is set and when the queue register is empty, the output EMPTY is set. 


Queue 
outputs 


Queue 
inputs 3 


10xC2+ 10xC2+2 


Queue place 


Function diagram 
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Filter 


Summary 


FILT-1P (FILTer - 1 Pole) is used as a single pole low pass 
filter. The output signal can be limited with limit values 
specified at special inputs. The balancing function permits the 
output signal to follow an external reference and permits a 
bumpless return to the normal function. All transfers from 
static states are bumpless. 


Call FILT-1P 


Diagrams 
Ig|G| 


Terminal Description 


Bode diagram 


FILT-1P 


FILT-1P 
—. 1-1 OF 10 —— 
——. “2K O=HL + 11 —— 
— 3-T1l O=LL + 12 —— 
—— 4-| BAL ERR + 13 —— 
—— 5 —| BALREF 
—— 6-| OHL 
—— 7-| OLL : 

t 


PC element FILT-1P 


Ig 


Step response 


Iga 


No Name Type Description 

1 | IR Input. Input for actual value. 

2 K IR Input for setting gain. 

3 T1 ITR Time 1. Input for filter time constant. 

4 BAL IB BALance. Input for activation of following. 

5 BALREF IR BALance REFerence. Input for reference value when following. 

6 OHL IR Output High Limit. Input for upper limit value. 

7 OLL IR Output Low Limit. Input for lower limit value. 

10 O OR Output. Output signal. 

11 O=HL OB Output = High Limit. Output which is set to 1 if the output O is limited to the upper limit value. 
12 O=LL OB Output = Low Limit. Output which is set to 1 if the output O is limited to the lower limit value. 
13 ERR OB ERRor. Output set to 1 if OHL is less than OLL. 
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Function 


The step response in the time plane for a single pole low pass filter is: O(t)=I(t) K (1-e/T), The transfer function for a single 
pole low pass filter is: G(s)=K(1/(1+sT1)). This has been implemented in the FILT-1P element as a recursive algorithm. 


Gain, Filter Time and Sampling Time 


Certain constants are precalculated to make the execution time of the element as short as possible. The result is stored internally 
in the element. These constants are recalculated if T1 or K are changed by more than 1/128 of their previous value or if the 
sampling time TS is changed. When recalculating, a test is performed to check if T1 > 2 x TS. If not, T1 is set equal to 2 x TS. 


Following 


If BAL is set to 1, the filter immediately goes into following and the output O is set to the value of the input BALREF. If the 
value at BALREF exceeds the output signal limits, the output is set to the limit value concerned. Return to dynamic state is 
bumpless. 


Limitation Function 


The limitation function limits the output signal to the limit values at the inputs OHL for upper limit value and OLL for the lower 
limit value. If the actual value exceeds the upper limit value, the output O=HL is set to | and if it falls below the lower limit 
value, the output O=LL is set to 1. When the limitation status has been detected, a check is made each time the element is 
executed to determine whether K x I(t) exceeds the output signal limitations. If such is the case, the limitation status remains. If 
not, the calculation of the output signal is performed by the algorithm in the normal way. Return from limitation to a dynamic 
state is bumpless. The element checks that the upper limit value OHL is greater that the lower limit value OLL. If this is not the 
case, the output ERR is set to 1. While the error status persists, the outputs O=HL, O=LL and O retain the values they had in the 
sample before that in which the error occurred. After an error the return to a dynamic state is bumpless, in the same way as in the 
case of following above. 


Function diagram 
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Function Header 


Summary 


FUNCM (FUNCtion Module) is used for structuring a 
PC program. 


Call FUNCM 


Function 


FUNCM 


PC element FUNCM 


FUNCM 


The purpose of FUNCM is to control the arrangement of the documentation. The element cannot affect the execution. A 
function module can be used to provide a subdivision of a PC program, a control module, a slave or a sequence step in several 
functionally associated parts. A function module can itself contain a control module, slave sequence or a new function module. 
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Function Generator 


Summary 

FUNG-1V (FUNction Generator - 1 Variable) is used for FUNG-1Vv 

generation of an optional function of one variable, y=f(x). oe 

The function is described by a number of co-ordinates. Linear 1-|X ¥ - 10 — 
2 -| BAL ERR } 11 —— 


interpolation is used for values between these coordinates. 
A maximum of 255 coordinates can be specified. 


Call FUNG-1V (C1) 
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Function Generator 


FUNG-1V 


w 
| 


4 —| XTAB 
5 —-| YTABY A 


/ 


|_y 
x 


PC element FUNG-1V 


Parameter 


Significance 


Permissible values 


C1 


Number of coordinates 2... 255 
which describe the function. 


Terminal Description 


BALREF BALREFO | 12 —— 


No Name Type Description 

1 X IR X-value. Input for X-value. 

2 BAL IB BALance. Input for activation of balancing. 

3 BALREF IR BALance REFerence. Value which the Y-output is to adopt with balancing. 

4 XTAB IGC1R X TABle. Group data for the X-table with C1 values. 

5 YTAB IGC1R Y TABle. Group data for the Y-table with C1 values. 

10 Y OR Y-value. Output for Y-value. 

11 ERR OB ERRor. Error signal which is set (to 1) if X is outside the value of XTAB or if Y, on balancing, 
is outside the YTAB values. 

12 BALREFO OR BALance REFerence Output. Output for calculated X-value with balancing. 

Function 


The function generator FUNG-1V for one variable calculates an output signal Y for a value at the input X. The calculation is 


performed in accordance with a piece by piece linear function which is determined by the vectors XTAB and YTAB. For each 


X-value in XTAB, there is a corresponding Y-value in YTAB. The Y-value at the output is calculated by means of linear 


interpolation between the two X-values in XTAB which are nearest the value at the input X. The values in X-tab must be strictly 
increasing from low to high serial numbers in the table. 
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Interpolation 
The function generated can be illustrated by the following figure. The interpolation is performed as follows: 


Y = Yq + (KX) X (Vegi Vu) / (X41 -Xq) 


Balancing 


On activation of the balancing input BAL, the value at Y is set to the value at the input BALREF. The X-value which 
corresponds to this Y-value is obtained at the output BALREFO. On balancing, the X-value is calculated by interpolation in the 
same way as the Y-value is calculated during normal operation. To permit the balancing, the values in YTAB must be strictly 
increasing or decreasing from low to high serial numbers in the table. 


Error signal 


If the input signal X is outside the range defined by XTAB, the ERR output is set to 1. The Y-value is then set to the greatest or 
lowest value resp. in YTAB. 


ERR is also set to 1 if BALREF is outside the YTAB value range when BAL is set to 1. The value at Y is then set to the value at 
the input BALREF and BALREFO is set to the greatest or lowest value resp. in XTAB. 


x4 Xo Xk § Xka XC X 


Example of function 
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Integrator 


INT 


INT (INTegrator) is used to give an integration effect. The output INT 
signal can be limited with limit values specified at special inputs. 
The balancing function permits the output signal to follow an external — = 445 oO - 10 — 
; ‘ > 2K O=HL | 11 —— 
reference and permits a bumpless return to the normal function. 3 | Tr o=LL | 12 
—— 4-|RINT ERR } 13 —— 
—— 5-| BAL 
—— 6-| BALREF 
Call INT eas 
—— 8-]|OLL 
t 
PC element INT 
Ig|G| 
> 
K lg@ 
“Tr 
yo /G 
lgw < 
Step response ‘71 
-90° Bode diagram 
Terminal Description 
No Name Type Description 
1 | IR Input. Input signal. 
2 K IR Input for setting of gain. 
3 TI ITR Time Integration. Input for time constant for integration. 
4 RINT IB Reset INTegrator. Input for clearing of integrator. 
5 BAL IB BALance REFerence. Input for reference value when following. 
6 BALREF IR BALance REFerence. Input for reference value when following. 
7 OHL IR Output High Limit. Input for upper limit value. 
8 OLL IR Output Low Limit. Input for lower limit value. 
10 O OR Output. Output signal. 
11 O=HL OB Output = High Limit. Output which is set to 1 if the output is limited to the upper limit value. 
12 O=LL OB Output = Low Limit. Input which is set to 1 if the output is limited to the lower limit value. 
13 ERR OB ERRor. Output which is set to 1 if OHL is less than OLL. 
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Function, Transfer Function 


The INT function can be written in the time plane as: O(t) = K/TI( I(t) dt). The main property when controlling is that the 
output signal retains its value when the input signal I(t) = 0.The step response in the time plane is O(t) = k x I(t) x t/TI. The 
transfer function for an integrator is G(s) = Kx(1/sxTI 


Gain, Integration Time Constant and Sampling Time 


The constant K x TS/TI is precalculated to reduce the execution time of the element to a minimum and the result is stored 
internally in the element. This constant is recalculated if TI or K is changed by more than 1/128 of their previous values or if the 
sampling time TS is changed. When recalculating a test is made to see whether TS/TI < 1. TS/TI is otherwise set equal to 1. 


Clearing of Integrator 
The algorithm is cleared when RINT goes to 1. 


Following 


If BAL is set to 1, the regulator immediately goes into following and the output O is set to the value of the input BALREF. If the 
value at BALREF exceeds the output signal limits, the output is set to the limit value concerned. On return to the normal 
function the value of output O during the last sample in following remains a further sample time, after which integration will be 
performed for this value. 
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Limitation Function 

The limitation function limits the output signal to the values at the inputs OHL for upper limit and OLL for the lower limit. If the 
actual value exceeds the upper limit, the output O=HL is set to | and if it falls below the lower limit, the output O=LL is set to 
1. The element checks that the upper limit value OHL is greater than the lower limit value OLL. If this is not the case, the output 
ERR is set to 1. While the error status persists, the outputs O=HL, O=LL and O retain the values they had in the sample before 
that in which the error occurred. After limitation or error status, normal integration is performed from the current value. 


Function diagram 


NOTE 


The value of output terminal O has only seven significant digits. When integrating small increments the following 
problem can arise: 1000.0000+0.0001=1000.0000 and not 1000.0001. 
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Inverter 


Summary 


INV is used for inverting Boolean variables and particularly 
when reading signals to the data base. 


Call INV 


Terminal Description 


PC element INV 


INV 


No Name Type Description 

1 - IB Input. 
5 - OB Output of inverted input value. 
Function 


The output signal from the INV element is set (to 1) if the input signal to the element is 0 and is reset (to 0) when the input signal 


is 1. See table below. 


Input and Output Channels 


1 5 
1 0 
0 1 
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Summary 
LIM-N (LIMiter - 1-of-N address) is used for limitation of LIM-N 
integers, real numbers or time values. Several limit values can (C1,C2) 
be selected. 1_l ai AERR | 10 
=. Oo A2 ERR | 11 —— 
—— C2 -| Ac2 
21 |1 OF 22 —— 
31 -| HLA1 I>HLA L 40 —— 
32 -| HLA2 HLA | 41 —— 
—— 30+C2 -| HLAC2 
51 | LLA1 I<LLA | 60 —— 
52 -| LLA2 LLA | 61 —— 


Call LIM-N (C1, C2) 


—— 50+C2 —| LLAC2 


PC element LIM-N 


Parameter Significance Permissible values 
C1 Data type I, IL, R, T, TR 
C2 Number of optional limit values 1 eee, 
Terminal Description 
No Name Type Description 
1 Al IB Address 1. Input which, when set, limits the output O to the limit values connected to the 
inputs HLA1 and HLL1. 
2 A2 IM Address 2. Input which, when set, limits the output O to the limit values connected to the 
inputs HLA2 and HLL2. 
C2 AC2 IB Address C2. Input which, when set, limits the output O to the limit values connected to the 
inputs HLAC2 and LLAC2. 
10 AERR OB Address ERRor. Output which is set when 2 or more of the inputs A1 ... AC2 are set. 
11 ERR OB ERRor. Output which is set when the limit for high level is less than the limit for low level. 
21 | IC1 Input. Input to which the signal to be limited is connected. 
22 O OC! Output. Output for the limited signal. 
31 HLA1 IC1 a Address 1. Input for upper limit value which limits the signal when the input A1 
is set. 
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Limiter 


Terminal Description 


No Name Type Description 

32 HLA2 IC1 High Limit Address 2. Input for upper limit value which limits the signal when the input A2 
is set. 

30+C2 |HLAC2 IC1 High Limit Address C2. Input for upper limit value which limits the signal when the input AC2 
is set. 

40 I>HLA OB Input>High Limit Address. Output which is set when the upper limit of the element is 
reached. 

41 HLA OC1 High Limit Address. Output which specifies the upper limit where limiting begins. 

51 LLA1 IC Low Limit Address 1. Input for lower limit value which limits the signal when the input A1 is 
set. 

52 LLA2 IC Low Limit Address 2. Input for lower limit value which limits the signal when the input A2 is 
set. 

50+C2 |LLAC2 IC1 Low Limit Address C2. Input for lower limit value which limits the signal when the input AC2 
is set. 

60 I<LLA OB Input<Low Limit Address. Output which is set when the lower limit of the element is 
reached. 

61 LLA Oc! High Limit Address. Output which specifies the lower limit where limiting begins. 

Function 


LIM-N is used to limit up to 9 different limits. Boolean output signals are given when the output is limited. 


Selection of Limit Value 


Which of the limit value inputs HLA ... HLAC2 or LLA1 ... LLAC2 is to limit the value at output O is selected with the 

inputs Al ... AC2. If the input A1 is 1, the output is limited by HLA1 and LLA1, if A2 is 1, the output is limited by HLA2 and 
LLA2, etc. If none of the inputs Al ... AC2 is 1, O is limited to the data value 0. If 2 or more of the inputs Al... AC2 are set at 
the same time, the output is limited by the limit values corresponding to the lowest numbered set input. The error signal output 
AERR is set at the same time. 


Limiting 


When the input I exceeds the selected limit, the output O is limited to the limit value. One of the outputs I>HLA or I<LLA will 
then be set depending on which limit was exceeded. The value of the current limits for high and low level where limiting begins 
can be read at the outputs HLA and LLA. 
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MASTER 


Summary 

The master header MASTER is used for the execution control MASTER (C1, C2) 

of subordinate slave modules. 
—— 1-on 
—— 2-]SSINGLE RUN }| 5 —— 
as aR MODP | 6 —— 


Call MASTER (C1, C2) 


PC element MASTER 


Parameter Significance Permissible values 
C1 Cyclicity in ms Allowed values are between 2 ms and 20000 ms in steps of 2 ms. 
C2 Place in the cycle time table | 1 ... 251: place in the cycle time table, cyclic activation. 


and/or scheduling strategy. | 252: activation at initialization after power down. 


254: activation at warm start initialization after power down. 


Terminal Description 


No Name Type Description 

1 ON IB Control input which is to be set (to 1) with normal execution. 

2 SINGLE IB If input ON and R are 0 the elements in the slave modules can be executed once by setting 
SINGLE to 1. 

3 R IB Reset. Input for clearing of the slave modules. 

6 MODP OB MODify Permission. Output that indicates if the master and slave modules may be modified 
from service aids. 

Function 


MASTER is a superior execution controlling element for a number of slave modules. How often the master and associated slave 
modules are to be executed is determined with the call parameter C1, and the place in the cycle time table is determined with the 
call parameter C2. The sequence in which execution units with the same cycle time are to be executed is based on the place in 
the cycle time table. When and how the slave modules are to be executed is determined by the control inputs ON, SINGLE and 
R. The master is always executed regardless of the state of these inputs. 
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Normal Execution 


For normal execution the input ON must be set to 1. The master module and associated slave modules are then executed as 
determined by the call parameters C1 and C2. The order in which the subordinate slave modules are to be executed is 
determined by their order in the documentation. 


If the ON input is reset after execution of the slave modules, the calculated data remains until the next execution of the slave 
modules. The ON input overrides the SINGLE input, i.e. if ON is set to 1. SINGLE has no effect. The slave modules are 
executed successively in three steps: 


1. Entry of variables from the data base and from modules with higher priority. 
2. Element execution. 


3. Reading of variables to the data base and to modules with higher priority. 


SINGLE Execution 


If the SINGLE input is set when the ON input is reset, the slave modules are executed once as described above. The calculated 
data remains until the next execution of the master and slave modules. 


Clearing 


If the input R is set, the slave modules are executed in the reset mode. This means that all outputs of the elements in the slave 
modules are given initial values, which in most cases are the 0-value of the data concerned. Input R overrides the inputs ON and 
SINGLE 


RUN 


The output RUN is set only during normal execution, i.e. ON is set or SINGLE execution is performed. With single execution, 
the RUN output is set for only one cycle. 


MODP 


Always true. 


Effects from PCPGM 


The ON and R inputs and the blocking functions on the program header override the inputs on the master module header. 
The input ON on PCPGM must be set to permit normal execution of master and slave modules. 
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RU 


ON 


1 SINGLE 


2 


Reading of variables from the 
/O devices, common data 
areas and other modules. 


Normal execution of 
elements 


Writing of variables to the I/O 
devices, common data areas 
and other modules. 


Function diagram 


Execution of elements 


in reset mode. 


MODP 


Always = true 


Master Header 


3BSE 009 177R201 


83 


PC Elements Advant® Controller 70 Reference Manual 
Maximum Selector 


Maximum Selector MAX 


Summary 
MAX (MAXimum selector) is used to select the largest value MAX 
of an optional number of integers or real numbers. (C1,C2) 
—— 1-] DEADB 
—— 11 -] IAl AL 30 —— 
12 —| IA2 On 31 — 
—— 10+c2 | race 


PC element MAX 


Call MAX (C1, C2) 


Parameter Significance Permissible values 

C1 Data type I, IL, R 

C2 Number of inputs | 2... 19 

Terminal Description 
No Name Type Description 

1 DEADB IC1 DEADBanad. Input for deadband. 

11 IA1 IC1 Input Address 1. Input the value of which is compared with the other inputs. 
12 lA2 IC1 Input Address 2. Input the value of which is compared with the other inputs. 
10+C2 |IAC2 IC1 Input Address C2. Input the value of which is compared with the other inputs. 
30 A Ol Address. Output for the number of the input having the greatest value. 

31 O OC! Output. Output for the greatest value. 

Function 


The values at the inputs IA] ... [AC2 are compared and the greatest value is obtained at the output O. The number of the input 
with the greatest value is obtained at the output A. If the two largest signal values are equal when the element is executed the 
first time, the signal with the lowest connection number is selected as the greatest. 


Deadband 


The deadband specified at the input DEADB is symmetrical around the value of the greatest input. The upper and lower 
deadband limits are calculated from the value for the largest input in the preceding sample. To prevent rapid changes at the 
output A, the value at A is retained until the value at the corresponding input is less than the calculated lower deadband limit or 
until one of the other inputs exceeds the upper deadband limit. 
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Sample n 


Sample n+1 
Sample n+2 
Sample n+3 
Sample n+4 

2 1 8 
Sample n+5 

a 

DEADB 

2 3 4 
Sample n+6 

a) 
DEADB 


Example of function with deadband 


Signal 4=largest 


Signal 4 is still 
seen as largest 


Signal 3 = largest 


Signal 1 =largest 


Signal 1 is still 
seen as largest 


Signal 1 is still 
seen as largest 


Signal 1 = largest 
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Minimum Selector 


Summary 


MIN (MINimum selector) is used to select the lowest value of 
an optional number of integers or real numbers. 


Call MIN (C1, C2) 


MIN 


MIN 
(C1, C2) 
—__ 1 _] DEADB 
—_ 11 -] Ia1 AL 30 —_— 
12 -| IA2 ob 31—— 
— 10+c2 | race 


PC element MIN 


Parameter Significance Permissible values 

C1 Data Type I, IL, R 

C2 Number of input |2... 19 

Terminal Description 
No Name Type Description 

1 DEADB IC1 DEADBand. Input for deadband. 

11 IA1 IC1 Input Address 1. Input the value of which is compared with the other inputs. 
12 lA2 IC1 Input Address 2. Input the value of which is compared with the other inputs. 
10+C2 |IAC2 IC1 Input Address C2. Input the value of which is compared with the other inputs. 
30 A Ol Address. Output for the number of the input having the lowest value. 

31 O IC Output. Output for the least value. 

Function 


The values at the inputs IA] ... [AC2 are compared and the lowest value is obtained at the output O. The number of the input 
with the lowest value is obtained at the output A. If the two smallest signal values are equal when the element is executed the 
first time, the signal with the lowest connection number is selected as the smallest. 


Deadband 


The deadband specified at the input DEADB is symmetrical around the value of the least input. The upper and lower deadband 
limits are calculated from the value for the lowest input in the preceding sample. To prevent rapid changes at the output A, the 
value at A is retained until the value at the corresponding input exceeds the calculated upper deadband limit or until one of the 
other inputs falls below the lower deadband limit. 
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Minimum Selector 


Sample n 


Sample n+1 
Sample n+2 
Sample n+3 
Sample n+4 
12 4 3 
Sample n+5 
UY 
DEADB 
Sample n+6 


DEADB 


Example of function with deadband 


Signal 1= lowest 


Signal 1 is still 
seen as lowest 


Signal 2= lowest 


Signal 4= lowest 


Signal 4 is still 
seen as lowest 


Signal 4 is still 
seen as lowest 


Signal 4= lowest 
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Monostable MONO 


Summary 
The mono function MONO can be used, for example, for time — 1-4 RIG 
are : : : SS eo nee olL5 —_— 
limiting of operation of outputs and automatic functions. The 3 | tp TEL 6 ___ 
element can also be used for impulse extension, stall alarm 
function, etc. PC element MONO 
Call MONO 
Terminal Description 
No Name Type Description 
1 RTG IB ReTrigG. Input for selection of if the MONO function is to be retriggerable or not. If RTG is 
set, a retriggerable function is obtained. 
2 | IN Input. Input for start of the MONO function when the input changes from 0 to 1. 
3 TP IT Time Pulse. Input for setting of pulse time. 
5 oO OB Output. Output which is set when the MONO function starts and resets (to 0) when the time 
set has elapsed. 
6 TE OT Time Elapsed. Output for time which has elapsed when O is set. When the time set (TP) 
has elapsed TE will stop. 


Function 


A memory is set when the input I is set. The output then goes to 1, see function diagram. When the time set in the timer has 
elapsed, the memory is cleared and the output O goes to 0. 


MONO Function, Not Retriggerable 


If the input RTG is reset, a MONO function which is not retriggerable is obtained. If a new pulse is obtained at the input I before 
the time set in the timer has elapsed, it does not affect the timer. Only when the time set has elapsed and the output O is reset can 
the MONO function be restarted by the input I going from 0 to 1. 


MONO Function, Retriggerable 


If RTG is set, a retriggerable MONO function is obtained, i.e. the timer starts from 0 each time a new pulse is obtained at the 
input I. If a new pulse is obtained at the input I before the time set in the timer has elapsed, the timer will restart, i.e. the MONO 


function is retriggerable. 
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Conn.3 Time set=4 s 
Conn.1 Reset 


Time diagram MONO function, not retriggerable 


Conn.3 Time set=2 s 
Conn.1 Set 


Time diagram MONO function, retriggerable 
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Data Copying 


Summary 


MOVE copies the value at the input to the output and may be 
used to e.g. copy the value from one location in the data base 


to another. 


Call MOVE (C1, C2) 


MOVE 


MOVE 

(C1,C2) 
i to —— 3 
ee —— 
cll aie | 20+c2 — 


PC element MOVE 


Parameter Significance Permissible values 
C1 Data type B, |, IL, R, T, TR 
C2 Number of inputs | 1... 19 

and outputs 


Terminal Description 


No Name Type Description 

1 = IC1 Input for value 1. 

2 = IC1 Input for value 2. 

C2 = IC1 Input for value C2. 
21 - OC! Output for value 1. 
22 - OC1 Output for value 2. 
20+C2 |- OC! Output for value C2. 
Function 


The element copies the values at the inputs to the respective output. The type of the data to be moved is determined with the call 
parameter C1 and the number of values moved is determined with the call parameter C2. 
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Multiplier 


Summary 


MUL (MULtiplier) is used for multiplication of an optional 
number of integers or real numbers. 


Call MUL (C1, C2) 
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MUL 


1 x 20 


eee oa, opal 


ae 


PC element MUL 


Parameter Significance Permissible values 
C1 Data type I, IL, R 
C2 Number of inputs | 2 ... 19 
Terminal Description 
No Name Type Description 
1 IC1 Input for multiplicand 
2 IC1 Input for multiplier 
C2 IC1 Input for multiplier 
20 OC! Output for product 
Function 


The values at the inputs 1 ... C2 are multiplied and the product is stored at the output 20. 


Overflow 


If the maximum positive or negative values are exceeded, the output is limited to the highest or lowest representable value for 


the data type. 
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Integer Scaling Element 


Summary 


MULtiplier DIVider is used to scale integer values by 
dividing the product of two integer inputs. 


Call MULDIV (C1, C2) 


Terminal Description 


MULDIV 


MULDIV 
1-1 of-10 
2 + Mun 
alge REMIT 


PC element MULDIV 


No Name Type Description 

1 | II Input for multiplicand 
2 MUL II Input for multiplier 

3 DIV II Input for divisor 

10 O Ol Output for quotient 
11 REM Ol Output for remainder 
Function 


The product of input I and input MUL is devided by the input DIV. The quotient is loaded at the output O and the remainder at 
REM. The element internally uses 32 bit accuracy to perform the multiplication. 


Overflow 


If the maximum positive value is exceeded, the output O is limited to +32767. If the maximum negative value is exceeded, the 


output O is limited to -32768. 
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Summary 


MUX-I (MUltipleXer - with Integer address) is used as a 
selector and has an optional number of inputs. The data type 
can be integers, real numbers, Boolean or time. 


Call MUX-I (C1, C2) 


Parameter Significance Permissible values 
C1 Data type I, IL, R, B, T, TR 
C2 Number of inputs | 1... 19 


Terminal Description 


PC Elements Advant® Controller 70 Reference Manual 
Multiplexer with Integer Address 


MUX-I 


MUX-I 
fi) eee?) 5 
31 -| IA1 o L 50 —— 
32 | 1A2 

— 30+C2 + IAC2 


PC element MUX-I 


No Name | Type Description 


5 AERR |OB 


Address ERRor. Output is set when the address value is larger than the number of inputs, or negative. 


11 A II Address. Input for address value which specifies which input is to be connected to the output O. When 
A=0, the output is set to 0. 
31 IA1 IC1 Input Address 1. The second input to the selector. 


32 IA2 IC1 


Input Address 2. The second input to the selector. 


30+C2 IAC2 |IC1 


Input Address C2. The last input to the selector. 


50 O OC1 


Output. Data output from the selector. 


Function, Addressing 


The input, the data value (IAI ... IAC2) of which is to be connected to the output O, is specified with an address (integer | ... 
C2) at the input A. If the address is 0, the output terminal O is set to zero. 
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Supervision 
The address A is monitored and if its value is greater than the number of inputs or is negative, the error signal output AERR is 
set. The data value 0 is then obtained at the output. 


Function diagram 
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Multiplexer with Memory and Integer Address 


Summary 


MUX-MI (MUItipleXer - with Memory and Integer address) 
is used as a selector with memory function and has up to 
19 inputs. The data type can be integers, real numbers, 


Boolean or 


time. 


Call MUX-MI (C1, C2) 
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MUX-MI 


MUX-MI 
(C1, C2) 
<=. th tiles 
—— 2-\L agrRi5 —— 
—_ 3 _|R 
ee 
31 -| Tal ob 50 —— 
32 _| 102 
—— 30+c2 | IAc2 


PC element MUX-MI 


Parameter Significance Permissible values 
C1 Data type I, IL, R, B, T, TR 
C2 Number of inputs | 1... 19 
Terminal Description 
No Name Type Description 
1 cS) IB Set. Input for loading of new values each time the element is executed. When the input S 
is reset 0, the last value loaded will remain at the outputs. 
2 L IB Load. Dynamic input for loading of the data addressed. 
3 R IB Reset. Input for clearing of the outputs. This input overrides the S and L inputs. 
5 AERR OB Address ERRor. Output which is set when the address value is greater than the number of 
inputs or is negative. 
11 A H Address. Input for address value which specifies from which input data is to be loaded. 
When A=0, the output is reset to 0. 
31 IA1 IC1 Input Address 1. The first input to the selector. 
32 lA2 IC1 Input Address 2. The second input to the selector. 
30+C2 AC2 IC Input Address C2. The last input to the selector. 
50 O OC1 Output. Data output from the selector. 
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Function, Addressing 


The input data value (IA1 ... [AC2) that is to be stored at the output is specified with an address (integer 1 ... C2) at the input A. 
If the address is 0, the data value 0 is stored. 


Loading 


The value is loaded at the instant the input L is set to 1. If input S is set, new data is loaded each time the element is executed. 
When S is reset after having been set, the data loaded most recently remains until the element is once more executed with input 
S, Lor R set. Input S overrides input L, i.e., when S is set, L has no function. 


Clearing 


The input R clears the data output and prevents further storage of data. 


Supervision 


The address A is monitored and if its value is greater than the number of inputs or is negative, the error signal output AERR is 
set. The data value 0 is then stored at the output. 


Function diagram 
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Multiplexer with Memory and 1 of N Address MUX-MN 


Summary 
MUX-MN (MUIltipleXer - with Memory and 1-of-N address) MUX-MN 
is used as a selector with memory function. MUX-MN has up noe) 
to 19 inputs. The data type can be integers, real numbers, — HLs 
; —_ 21 AERRL 5 —— 
Boolean or time. 3R 
— 114 a1 
wet 8 Ono 
—— 10+C24 Ac2 
|| 
31 -| IA1 ob 50— 
32 —| IA2 
__ 30+c2 | race 


Call MUX-MN (C1, C2) 


PC element MUX-MN 


Parameter Significance Permissible values 

C1 Data type |, IL, R, B, T, TR 

C2 Number of inputs | 1... 19 
Terminal Description 

No Name Type Description 

1 cS) IB Set. Input for loading of new values each time the element is executed. When the input S 

is reset, the last value loaded will remain at the outputs. 

2 L IB Load. Dynamic input for loading of the data addressed. 

3 R IB Reset. Input for clearing of the outputs. This input overrides the S and L inputs. 

5 AERR OB Address ERRor. Output which is set when two or more of the inputs A1 ... AC2 are set. 
11 Al IB Address 1. Input to store data from the input IA1 at the output O. 

12 A2 IB Address 2. Input to store data from the input IA1 at the output O. 

10+C2 |AC2 IB Address C2. Input to store data from the input IAC2 at the output O. 

31 IA1 IC1 Input Address 1. The first input to the selector. 

32 lA2 IC1 Input Address 2. The second input to the selector. 

30+C2 IAC2 IC Input Address C2. The last input to the selector. 

50 O OC1 Output. Data output from the selector. 
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Function, Addressing 


The input data value (Al ... [AC2) that is to be stored at the output is specified with the inputs Al ... AC2. If the input A1 is 1, 
the value from input IA1 is stored at the output, if A2 is 1, the value from input IA2, etc. If none of the inputs Al ... AC2 is set 
to 1, the data value 0 is stored at the output O. 


Loading 


The value is loaded at the instant the input L is set to 1. If input S is set, new data is loaded each time the element is executed. 
When S is reset after having been set, the data loaded most recently remains. Input S overrides input L, i.e. when S is set, L has 
no function. 


Clearing 


The input R clears the data output and prevents further storage of data. 


Supervision 


If two or more of the inputs Al ... AC2 are set simultaneously, the output AERR is set and the value from the input which 
correspond to the address input set with the lowest number is stored at the output O. 


12 
>2 AERR 
—eemmeipermene | oo 


Function diagram 
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Summary 


OR elements are used to form general combinatorial 
expressions with Boolean variables. The elements can have a 
maximum of 19 inputs. 


OR-A gives the Boolean sum of up to 19 Boolean values and 
up to 5 Boolean products each of a maximum of 9 Boolean 
values. 


OR-TRG provides a pulse during one program cycle when the 
Boolean sum of up to 19 Boolean values changes from 0 to 1. 


Call OR (C1), OR-A(C1,C2,C3,...Cn), OR-TRG(C1) 
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OR, OR-A, OR-TRG 


a 1/21 L 60 
sma, eae re 
ats Serer 
PC element OR i -| & 
110463. = 
— 1 | OR-TRG ~20_ Epil 
yaa 
=e 50+C6 — 


PC element OR-TRG PC element OR-A 


C1 Number of inputs 2...19 
C1 (for OR-A) Number of inputs in the OR part of the element 0...9 
C2 (for OR-A) Number of inputs in the first AND gate of the element 0...9 
C3 (for OR-A) Number of inputs in the second AND gate of the element 0...9 
Cn) (for OR-A) | Number of inputs in the AND part of the element 0...9 


(1) 1<n<6.1<C01+C2+...+Cn < 40 


Terminal Description 


1 a IB Input direct to the OR gate in the element 

2 - IB Input direct to the OR gate in the element 

C1 - IB Input direct to the OR gate in the element 

11 es IB Input to the first AND gate in the element. 

12 = IB Input to the first AND gate in the element. 

10+ C2 7 IB Input to the first AND gate in the element. 

20 - OB Output of the OR, and the OR-TRG trigger pulse. 
21 - IB Input to the second AND gate in the element. 

22 - IB Input to the second AND gate in the element. 
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Or Gate 


Terminal Description 


20 +3 


7 IB Input to the second AND gate in the element. 
10x(n-1)+1 
10x(n-1)+2 - IB Input to the last AND gate in the element. 
10x(n-1)+Cn 
60 - OB Output of the OR-A element 


Function- OR element 


The output signal is set if any of the inputs are set. See the table below. 


Table OR, OR-TRG 


0 0 0 
0 0 1 
0 1 1 
1 0 1 
1 0 1 
1 1 1 
1 1 1 
OR-A element 
The output signal is set to 1 if all of the inputs are 1. See the table below. 
Table AND 
0 0 0 
0 0 0 
0 1 0 
0 1 0 
1 0 0 
1 0 0 
0 
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Function- OR-TRG element 


When the result of the OR gate is set (to 1) the output signal is also set. The output signal is cleared during the next program 
cycle, irrespective of the result of the OR gate. For the output signal to be set, the result of OR gate must have been 0 during one 
program cycle. The output signal from the element may only be used within its own execution unit as detection of it is otherwise 


not certain. 
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Oscillator OSC-B 


Summary 
Oscillator OSC-B (OSCillator - Boolean variables) with —— 14EN_ osc-B 

. ath ons : —— 2447? ob 5 —_— 
variable frequency and pulse time is used when pulse trains 3 1 tc 


with periods from 2 x cycle time up to 24 hours are needed. 
PC element OSC-B 


Call OSC-B 


Terminal Description 


No Name Type Description 
1 EN IB ENable. Input for start of oscillator. 
2 TP IT Time Pulse. Input for setting of pulse time. 
3 TC IT Time Cycle. Input for setting of period. The period must be greater than the pulse duration. 
5 oO OB Output. Oscillator output. 
Function 


The oscillator starts when the input EN is set (to 1). The figure below shows an example of an oscillator time diagram. 


Example of time diagram with TP=1 s and TC=1.5s 
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Summary 


P-1 (Proportional Function) is used as an amplifier in 
feedback systems. The output signal can be limited with limit 
values specified at special inputs. The balancing function 
permits the output signal to follow an external reference. 


Call P-1 


Terminal Description 
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P-1 
I ie) 
K O=HL 
BAL O=LL 
—| BALREF ERR 
OHL BALREFO 
OLL 


PC element P-1 


10 —— 
11 —— 
12 —— 
13:——. 
14 ——_ 


P-1 


No Name Type Description 
1 | IR Input. Input signal. 
2 K IR Input for setting gain. 
3 BAL IB BALance. Input for activation of following. 
4 BALREF IR BALance REFerence. Input for reference value when following. 
5 OHL IR Output High Limit. Input for upper limit value. 
6 OLL IR Output Low Limit. Input for lower limit value. 
10 O OR Output. Output signal. 
11 O=HL OB Output = High Limit. Output which is set to 1 if the output is limited to the upper limit value. 
12 O=LL OB Output = Low Limit. Output which is set to 1 if the output is limited to the lower limit value. 
13 ERR OB ERRor. Output which is set to 1 if OHL is less than OLL. 
14 BALREFO OR BALance REFerence Output. Information output for O/K. 
Function 


The P-function can be written in the time plane as O(t) = K I(t). Its main property when controlling is that the output signal is 
directly proportional to the input signal. The transfer function for a P-function is: G(S) = K 


Following 


If BAL is set to 1, the amplifier goes into following and the output O is set to the value of the input BALREF. If the value at 


BALREF exceeds the output signal limits, the output is set to the limit value concerned. 
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Limitation Function 


The limitation function limits the output signal to the limit values at the inputs OHL for upper limit value and OLL for the lower 
limit value. If the actual value exceeds the upper limit, the output O=HL is set to 1 and if it falls below the lower limit, the output 
O=LL is set to 1. 

The element checks that the upper limit OHL is greater than the lower limit OLL. If not, the output ERR is set to 1. While the 
error status persists, the outputs O=HL, O=LL and O retain the values they had in the sample before that in which the error 
occurred. 


Information Output BALREFO 


The output BALREFO gives the result of the calculation O(t)/K where O(t) is the output signal after the limitation. The output 
specifies the input signal which corresponds to the output signal concerned. 


BALREFO 


Function diagram 
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Program Header 


Summary 
The program header PCPGM is used for the structuring and PCPGM (Cl, C2) 
execution control of the application program of a PC system. 1 J on 


Call PCPGM (C1, C2) 
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PCPGM 


—24R RUN |— 5—— 


PC element PCPGM 


C1 Cyclicity in ms 


Allowed values are between 2 ms and 20000 ms in steps of 2 ms. 


C2 Place in the cycle time table and/or | 1 ... 251: place in the cycle time table, cyclic activation. 
scheduling strategy. 


252: activation at initialization after power down. 


Terminal Description 


No Name Type Description 
1 ON IB Control input which is to be set (to 1) with normal execution. 
2 R IB Reset. Clearing of the execution units of the PC program. 
5 RUN OB RUN indicates that the execution units in the PC program may be executed. 
Function 


A PC program is the highest level in the PC program structure. The program is intended to perform a complete control function. 
The program header PCPGM is used to control the enabling, disabling and resetting of the complete PC program, irrespective of 


subordinate execution units The call parameter C1 specifies how often the program header is to be executed and the call 


parameter C2 is used to specify the position in the cycle time table on which the execution order of the execution units with the 


same cycle time is based. 


PCPGM must be given a cyclicity from the table for the interpreter with the highest priority. This is required for changes at the 
inputs to PCPGM to have a direct effect on subordinate execution units. The program header cannot have directly subordinate 

elements. The control inputs ON and R are used to control when and how the complete PC program with subordinate execution 
units is to be executed. PCPGM itself is always executed, irrespective of the inputs ON and R. 
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Normal Execution 


The input ON must be set (to 1) for the normal execution of subordinate execution units to be possible. At the start of the 
execution of subordinate execution units, a check is performed to ensure that the program header has RUN status. 


Clearing 


If the input R is set, the complete PC program is executed in reset mode. This means that all outputs on the elements in the slave 
modules are given initial values, which in most cases are the 0-value of the data concerned. Reading to the data base is 
performed with data value 0 for all data types. Input R overrides input ON. 


RUN 


Output RUN is set only if normal execution is permissible, i.e. if the ON input is set and the R input is reset (to 0). 


ON RUN 
a) 
2 
Superior control 
of execution units 


Function diagram 
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Summary 


PDP (Proportional Derivating Proportional function) is used 
to give proportional effect and limited derivation effect. 

The output signal can be limited with limit values specified at 
special inputs. The balancing function permits the output 
signal to follow an external reference and permits a bumpless 
return to the normal function. All transfers from balancing or 
from limited output signal are bumpless. 


Call PDP 


Terminal Description 


PDP 

I O 
K O=HL 
Tl O=LL 
©Z ERR 
BAL 

BALREF 

OHL 

OLL 


PC element PDP 
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PDP-Function 


PDP 


10 —— 
1 
12 —— 
13 —_ 


No Name Type Description 
1 | IR Input. Input for actual value. 
2 K IR Input for setting gain. 
3 T1 ITR Time 1. Input for time constant for lead. 
4 T2 ITR Time 2. Input for time constant for lag. 
5 BAL IB BALance. Input for activation of following. 
6 BALREF IR BALance REFerence. Input for reference value when following. 
7 OHL IR Output High Limit. Input for upper limit value. 
8 OLL IR Output Low Limit. Input for lower limit value. 
10 O OR Output. Output signal. 
11 O=HL OB Output = High Limit. Output which is set to 1 if the output O is limited to the upper limit value. 
12 O=LL OB Output = Low Limit. Output which is set to 1 if the output O is limited to the lower limit value. 
13 ERR OB ERRor. Output which is set to 1 if OHL is less than OLL. 
Function 


The step response for a PDP function is: O(t) = I(t)x (K+k1 xe 


where kl = Kx(T1/T2-1). 


The transfer function for a PDP function is: G(s) = Kx(1+sxT1)/(1+sxT2) where T2 < T1. 
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Step response Bode diagram 


lgo 


This has been implemented in the PDP element as a recursive algorithm. The design of this algorithm is such that normal 
functioning is maintained even during limiting. This ensures a controlled return to a dynamic state. 


Gain, Time Constants and Sampling Time 


Certain constants are precalculated to make the execution time of the element as short as possible. The results are stored 
internally in the element. These constants are recalculated if T1, T2 or K are changed by more than 1/128 of their previous value 
or if the sampling time TS is changed. When recalculating a test is performed to check whether T1 and T2 > 2 x TS. If this is not 
the case T1 or T2 respectively is set equal to 2 x TS. 


Function in limiting state 


Following 


If BAL is set to 1, the regulator immediately goes into following and the output O is set to the value of the input BALREF. If the 
value at BALREF exceeds the output signal limits, the output is set to the limits value concerned. Return to dynamic state is 
bumpless. 


Limitation Function 


The limitation function limits the output signal to the limit values at the inputs OHL for the upper limit and OLL for the lower 
limit. If the actual value exceeds the upper limit, the output O=HL is set to | and if it falls below the lower limit, the output 
O=LL is set to 1. 


The element checks that the upper limit value OHL is greater than the lower limit value OLL. If this is not the case, the output 
ERR is set to 1. While the error status persists, the outputs O=HL, O=LL and O retain the value they had in the sample before 
that in which the error occurred. After an error the return to a dynamic state is bumpless, in the same way as in the case of 
following 
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OHL 
8 OLL 


< 
BAL ACT im | ‘ O 
6 | BALREF AGT t 10 


Limiting 


ACT 


7 | REVACT 7 J 
ACT J spl) de O=HL 
A REFY—— PL ae —— 1 zs + 2 a 
+ 
1 I | —_— Le 
a 
2 i t Hel2 Ly Ore 
K || — ¢ dL | 2 we 
3] 4 : ERR 
4 RINT Reset ise 13 
> 
5 
Preset = 


Algorithm 


DEV 


Function diagram 
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Pl-Regulator 


Summary 


PI (Proportional Integrating regulator) is used as a standard 
PI- regulator for serial compensation in feed back systems. 
The control deviation is calculated internally in the element. 
The output signal can be limited to limits specified at special 
inputs. The balancing function permits the output signal to 
follow an external reference and permits a bumpless return to 
normal function. All transfers from balancing or limited 
output signal are bumpless. 


Call Pl 


Terminal Description 


Pl 


PI 

F1 —| REVACT 
1 _] REFV of 10 —— 
a. DST O=HL - 11 —— 
oy BER O=LL L 12 —— 
—— 4) TI ERR | 13 —— 
5. _] RINT DEV | 14 —__ 
——  6-| BAL 
——_ 7 -| BALREF 
—— 8 _| oxL ep 
—— 9-] OLL 

t 
PC element Pl 


No Name Type Description 

FA REVACT IB REVerse ACTion. Parameter input for inverted control action. REVACT=1 gives inverted 
control action. 

1 REFV IR REFerence Value. Input for desired value. 

2 | IR Input. Input for actual value. 

3 K IR Input for setting gain. 

4 TI ITR Time Integration. Input for time constant for integration. 

5 RINT IB Reset INTegrator. Input for clearing of integrator. 

6 BAL IB BALance. Input for activation of following. 

7 BALREF IR BALance REFerence. Input for reference value when following. 

8 OHL IR Output High Limit. Input for upper limit. 

9 OLL IR Output Low Limit. Input for lower limit. 

10 O OR Output. Output signal. 

11 O=HL OB Output = High Limit. Output which is set to 1 if the output O is limited to the upper limit value. 

12 O=LL OB Output = Low Limit. Output which is set to 1 if the output is limited to the lower limit value. 

13 ERR OB ERRor. Output set to 1 if OHL is less than OLL. 

14 DEV OR DEViation. Output for control deviations, i.e. DEV=1—REFV. 


Function, Control Deviation 


DEV, the control deviation, is calculated as follows even when the regulator is following: DEV = I- REFV 
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Inverted Control Effect 


REVACT is a function parameter which controls the direction of the output signal change in relation to the actual value. If 
REVACT is set to 0, direct action is obtained, i.e. increasing actual value gives increasing output signal. When REVACT is set 
to 1, inverted action is obtained, i.e. increasing actual value gives decreasing output signal. 


Step response 


Transfer Function 
The PI function can be written in the time plane as 
O(t) = Kx(DEV(t) + |" DEV(1)/TI dt). 


Its main property when controlling is that it permits the integral section to retain its value when the error DEV(t)=0, i.e. the 
output signal is then constant. The transfer function for a PI function is: G(s) = Kx(1+1/sxTI). This has been implemented in the 
PI element as a recursive algorithm. 


Gain, Integration Time Constant and Sampling Time 


The constant K x TS/TI is precalculated to make the execution time of the element as short as possible. The result is stored 
internally in the element. This constant is recalculated if TI or K is changed more than 1/128 of the preceding value or if the 
sampling time TS is changed. When the value is recalculated a test is performed to ensure that TS/TI < 1. If not, TS/TI is set to 
1; 


Ig|G| 


Iga 


Iga 


[eae 


Bode diagram 
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Clearing of Integrator 


The integration section of the algorithm is cleared when RINT goes to 1. If the proportional section of the algorithm exceeds the 
limits of the output signal, the limit status remains and the internal status is updated in accordance with the section "Bumpless 
transfer from following or limitation". When RINT is set permanently to 1, the element functions as a P-regulator. 


Following 


If BAL is set to 1, the regulator immediately goes into following and the output O follows the value of the input BALREF. If the 
value at BALREF exceeds the output signal limits, the output is set to the limit value concerned. On return to a normal function 
the value of the output O during the last sample in the following remains during one sample time. See below under "Bumpless 
transfer from following or limiting”. 


Limitation Function 


The limitation function limits the output signal to the limit values at the inputs OHL for upper limit value and OLL for the lower 
limit value. If the actual value exceeds the upper limit value, the output O=HL is set to | and if it falls below the lower limit 
value, the output O=LL is set to 1. The element checks that the upper limit value OHL is greater than the lower limit value OLL. 
If this is not the case, the output ERR is set to 1. While the error status persists, the outputs O=HL, O=LL and O retain the values 
they had in the sample before that in which the error occurred. 


Bumpless Transfer from Following or Limitation 


Transfer from following status (BAL = 1) or from a limited output signal is bumpless. This is performed by recalculation of 
internal states, i.e. the integration part according to INT(t) = O(t) - K x DEV(t). 


8 OLL 


< 
BAL ACE ia | 2 O 
6  BALREF AGT t 10 
7 
REVACT i " S41 
Fl | REF AGT: + “5 I1>12 |-—» 7 
1. = te P tH 
! + 1 iT n O=LL 
2 t 1<I2 + 
K —— A t 2 12 
3 t 
a n ERR 
4 | RINT Reset <2 3 
Limiting - > 
° a ACT 
Algorithm Preset < ~ 
< 
DEV 


Function diagram 
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PID 


Summary 

The element PID (PID algorithm) is a PID controller and it is PID 

used to create simple control loops on the function group and (C1) 

single-variable level. Sy Ets |FOSNORM Clr sao 
- 1 -| POSIN DEV|- 21 - 
- 2 -| NEGIN LIMACT|- 22 - 
- 3 -| TRKVAL INTOUT|- 23 - 
- 4 -| OFFSET FPOSIN|- 24 - 
- 5 -| TRK FNEGIN|- 25 - 
- 6-| KP FTRK|- 26 - 
- 7-| TINT 
- 8 -| TDERIV 
- 9-| TDLY 
- 10 -| BLKPOS 
- 11 -| BLKNEG 
- 12 -| INTVAL 
- 13 -| LOLIM 
- 14 -| HILIM 
- 15 -| RANGMIN 
- 16 -| RANGMAX 


PC element PID 


Call P_PID (C1) 
Parameter Significance Permissible values 
C1 Not used. 1 


Terminal Description 


No Name Type Description 

FA TO_NORM IB Switch for: Standardization TO NORMal output signal. Default value 0. 
1 POSIN IR POSitive INput. * 

2 NEGIN IR NEGATIVE INput. * 

3 TRKVAL IR TRacKing VALue for integrator. 

4 OFFSET IR OFFSET. Disturbance quantity connection. 

5 TRK IB TRackKing. Input command for MANUAL mode. 
6 KP IB Proportional coefficient. * 

7 TINT IT Time constant for INTegration. * 

8 TDERIV IT Time constant for DERIVative action. * 

9 TDLY IT DeLAY Time. * 


3BSE 009 


177R201 


113 


PC Elements Advant® Controller 70 Reference Manual 
PID-Algorithm 


Terminal Description 


No Name Type Description 

10 BLKPOS IB Integrator BLocKed for POSIN>NEGIN. 

11 BLKNEG IB Integrator BLocKed for POSIN<NEGIN. 

12 INTVAL IR INTegration VALue. Follow-up control of integrator. 

13 LOLIM IR LOw LIMit value of corrective variable. Default value 0. 
14 HILIM IR High LIMit value of corrective variable. Default value 100. 
15 RANGMIN IR Measurement RANGe MINimum value. 

16 RANGMAX IR Measurement RANGe MAXimum value. 

20 O OR Output. 

21 DEV OR DEViation output. 

22 LIMACT OB Annunciation: LIMitation is ACTive. 

23 INTOUT OR INTegrator OUTput. 

24 FPOSIN OR Feedback POSitive INput. 

25 FNEGIN OR Feedback NEGative INput. 

26 FTRK OR Feedback TRacKing value. 


. This value must be entered. 
Function 


Modes of operation 

The element can be operated in either one of 2 operating modes: 
° MANUAL mode (balancing mode) 

° AUTOMATIC mode (controlled mode) 


MANUAL mode 


In MANUAL mode, a logic 1 signal is present at input TRK. In this case, controller output O is slaved without delay to the value 


of the balancing quantity present at input TRK VAL. 


The D portion is ineffective in this operating mode. 
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AUTOMATIC mode 
In AUTOMATIC mode, a logic 0 signal is present at input TRK. 


In this case, the transfer function of the PID controller is: 


1+TINT* s , 1+ TDERIV * 5 
TINT * s 1+TDLY*s 


F(s) = KP* 


The transfer function of the PID controller is represented in the following diagram: 


Kp LDERIV 


The values for proportional coefficient, reset time, derivative 
TDLY 


action time, and delay time are defined by corresponding 
entries at inputs KP, TINT, TDERIV and TDLY. 


In the case of TDERIV = TDLY, this controller behaves just 

- like a PI controller. 

TINT + TDERIV-TDLY |- Ke 5 TOERIV-TDLY| 
ia , TINT 


TDLY 


Disturbance quantity connection 


At input OFFSET, a disturbance quantity can be connected additionally. The time response of the controller is bypassed, and the 
disturbance quantity is directly switched through to output O. 


Disturbance quantity limitation 
Output variable O can be limited to an upper and a lower limit value using inputs HILIM and LOLIM. 


When HILIM/LOLIM are effective, the integrator will be controlled accordingly by an internal function of the element, and the 
D portion will not be considered in that case. 


Whenever upper and lower limit should overlap, the upper limit will be given priority. 


When a limit value is effective, output O will follow this limit value without delay. 


Integrator stop 


The I portion of the controller can be inhibited at input BLKPOS by a logic 1 signal in the positive direction (POSIN>NEGIN), 
and at input BLKNEG by a logic 1 signal in the negative direction (POSIN<NEGIN). 
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Follow-up control of integrator 


When the element is used as a master controller, and if a limit value is effective on a subordinate level, the integrator can be 
controlled smoothly via input INTVAL. 


Input INTVAL can also be used for applying a synchronizing variable for several controllers operating in parallel. 
Standardization of output signal 


TO_NORM = 0 


In this case, TDERIV, TDLY and TINT are related to an adjustment from measurement range RANGMIN to RANGMAX and 
not to the value 100. 


TO_NORM = 1 
In this case, input IN is standardized to RANGMIN, RANGMAX. 


apie IN — RANGMIN «109 Where IN means POSIN and NEGIN. 
RANGMAX - RANGMIN 


In this case, POSIN has always be replaced by POSIN’ and NEGIN by NEGIN’ in this document. 
Annunciation functions 


Output DEV 
The discrepancy between inputs NEGIN and POSIN will be put out at deviation output DEV (DEV = NEGIN - POSIN). 


Output LIMACT 


When the upper or lower limit responds, a logic 1 signal is put out at output LIMACT. To prevent repeated changing-over in the 
limit ranges, the output is given a fixed hysteresis of 0.5 %. 
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Summary 


PIP (Proportional Integrating Proportional function) is used 
to give a proportional effect and a limited integration effect. 
The output signal in the steady state is proportional to the 
input signal. The output signal can be limited with limit 
values specified at special inputs. The balancing function 
permits the output signal to follow an external reference and 
permits a bumpless return to the normal function. All transfers 
from static states are bumpless. 


Call PIP 


Terminal Description 
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PIP 


PIP 

— 1-1! OF 10 —— 
—— -2-+K O=HL + 11 —— 
——. Be) ar O=LL +} 12 —— 
— 4-T2 ERR + 13 —— 
—— 5-| BAL 

—— 6 -| BALREF 

—_ 7-— OHL 

—_ 8 OLL 


PC element PIP 


No Name Type Description 

1 | IR Input. Input for actual value. 

2 K IR Input for setting gain. 

3 T2T1 ITR Time 1. Input for time constant for lead. 

4 T2 ITR Time 2. Input for time constant for lag. 

5 BAL IB BALance. Input for activation of following. 

6 BALREF IR BALance REFerence. Input for reference value when following. 

7 OHL IR Output High Limit. Input for upper limit value. 

8 OLL IR Output Low Limit. Input for lower limit value. 

10 O OR Output. Output signal. 

11 O=HL OB Output = High Limit. Output which is set to 1 if the output O is limited to the upper limit value. 
12 O=LL OB Output = Low Limit. Output which is set to 1 if the output O is limited to the lower limit value. 
13 ERR OB ERRor. Output set to 1 if OHL is less than OLL. 


Function, Transfer Function 

The step response in the time plane for the PIP function is: 
O(t) = I(t)x(K+k1x e/™), where kl = Kx(T1/T2-1). 

The transfer function for a PIP function is: 


G(s) = Kx(1+sxT1)/(1+sxT2), where T2 > T1. 


This has been implemented in the PIP element as a recursive function. 
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1 
oh. 2a | 
ZG T] a 


Step response 


Bode diagram 


Gain, Time Constants and Sampling Time 


Certain constants are precalculated to make the execution time of the element as short as possible. The result is stored internally 
in the element. These constants are recalculated if T1, T2 or K are changed by more than 1/128 of their previous value or if the 
sampling time TS is changed. When recalculating a test is performed to check if T1 and T2 = 2 x TS. If this is not the case, T1 
or T2 respectively is set equal to 2 x TS. 


Following 


If BAL is set to 1, the regulator immediately goes into following and the output O is set to the value of the input BALREF. If the 
value at BALREF exceeds the output signal limits, the output is set to the limit value concerned. Return to dynamic state is 
bumpless. 


Limitation Function 


The limitation functions limits the output signal to the values at the inputs OHL for the upper limit and OLL for the lower limit. 
If the actual value exceeds the upper limit, the output O=HL is set to 1 and if it falls below the lower limit, the output O=LL is 
set to 1. 


When the limitation status has been detected, a check is made each time the element is executed to determine whether K x I(t) 
exceeds the output signal limitations. If such is the case, the limitation status remains. If not, the calculation of the output signal 
is performed by the algorithm in the normal way. 


Normal updating of the internal status is sufficient to ensure bumpless return to the dynamic status. The element checks that the 
upper limit value OHL is greater than the lower limit value OLL. If this is not the case, the output ERR is set to 1. 


While the error status persists, the outputs O=HL, O=LL and O retain the values they had in the sample before that in which the 
error occurred. After an error the return to a dynamic state is bumpless, in the same way as in the case of following. 


118 3BSE 009 177R201 


PC Elements Advant® Controller 70 Reference Manual 
PIP-Function 


OHL 
. 
6 ou 
a 
7 a 
" 
I<l2 ~< 
i > & 
i" < 
1<I2 > 
| |p 
BAL . ACT | TF : ) 
4 BALREF ae 4 t 10 
;: { 
fF = 
ACT ee | O=HL 
x + j lle 1 
rf _ 
| PIP <2 + ote 
|e 41 | 12 a2 
* 
2 rT 
11 Ball a ERR 
3 2 t 2 13 
4 
. PRESET < if 
7 Function diagram 


3BSE 009 177R201 119 


PC Elements Advant® Controller 70 Reference Manual 


Ramp Generator 


Ramp Generator 


Summary 


RAMP (RAMP generator) is used to limit the speed of 
change of a signal. The output signal can be limited with limit 
values specified at special inputs. The balancing function 
permits the output signal to follow an external reference. 


Call RAMP 


Terminal Description 


RAMP 


RAMP 
BO et, OF 10 —— 
—_ _ 2 -| STEP+ O=HL + 11 —— 
—— 3-| STEP- O=LL +} 12 —— 
—— 4-] SLOPE+ ERR + 13 —— 
—— 5-| SLOPE- 
—— 6-| BAL 


7 —| BALREF 
8 —| OHL 
9 —| OLL 


PC element RAMP 


No Name Type Description 
1 | IR Input. Input for the start value concerned. 
2 STEP-— IR The greatest allowed positive step change. 
3 STEP- IR The greatest allowed negative step change. 
4 SLOPE IR Positive ramp for the output. 
5 SLOPE- IR Negative ramp for the output. 
6 BAL IB BALance. Input for activation of following. 
7 BALREF IR BALance REFerence. Input for reference value when following. 
8 OHL IR Output High Limit. Input for upper limit value. 
9 OLL IR Output Low Limit. Input for lower limit value. 
10 O OR Output. Output signal. 
11 O=HL OB Output = High Limit. Output which is set to 1 if the output O is limited to the upper limit value. 
12 O=LL OB Output = Low Limit. Output which is set to 1 if the output O is limited to the lower limit value. 
13 ERR OB ERRor. Output set to 1 if OHL is less than OLL. 
Function 


The main property of a RAMP function is that the output signal follows the input signal while the input signal is not changed 
more than the value specified at the step inputs. If the input signal is changed more than so, the output signal is first changed by 
STEP+ or STEP- depending on the direction of change and then by SLOPE+ or SLOPE- per second until the values at the input 
and output are equal. This means also that if STEP-= STEP+ = 0, a pure RAMP i.e. SLOPE/sec is obtained at the output. 
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The greatest step change allowed at the output O is specified by the parameters STEP+ and STEP- for the respective direction of 
change. The ramp which the output signal is to follow if the change at the input I exceeds STEP+ or STEP- is specified by the 
inputs SLOPE+ and SLOPE-. All parameters are specified as absolute values with the same units as input I. 


The values of the parameters are stored internally in the element. New values are only entered under stationary conditions, i.e. 
when I(t) = O(t). 


Certain constants are precalculated to make the execution time of the element as short as possible. The results are stored 
internally in the element. These constants are recalculated if SLOPE+ or SLOPE- are changed by more than 1/128 part of their 
previous values or if the sampling time TS is changed. 


The second figure below shows the relationship between input, output and internal auxiliary variables when the element 
functions normally. 


Calculation of Output Signal 
When calculating output signal O, three cases must be distinguished: 
e I(t) = O(t-TS) results in O(t) = I(t) 


° I(t) > O(t-TS) results in calculation of the value of the output in accordance with: 
O(t) = min(I(t) and (Step+ + VPOSx(t-TS) + SLOPE:+ x TS), i.e.the least of the values of I(t) and 
(Step+ + VPOSx(t-TS) + SLOPE- x TS) 


° I(t) < O(t-TS) results in calculation of the value of the output in accordance with: O(t) = max(I(t), 
VNEG (t-TS)-STEP—SLOPE-xTS 


VPOS and VNEG are auxiliary variables with positive and negative steps respectively. These are calculated in all cases 
according to: 


° VPOS(t) = min(O(t), VPOS(t-TS)+SLOPE+ x TS) 
° VNEG(t) = max(O(t), VNEG(t-TS)—SLOPE- x TS) 


If a new step with the same direction of change appears at the input before the internal auxiliary signal has been updated the step 
part of the output signal is reduced. A step with the opposite derivative, however, takes full effect. This is because the auxiliary 
variable for the opposite direction always has been updated to O(t). 


Following 


If BAL is set to 1, the filter immediately goes into following and the output O is set to the value of the input BALREF. 
If the value at BALREF exceeds the output signal limits, the output is set to the limit value concerned. During following 
VPOS(t) = VNEG(t) = O(t) = BALREF(t). Return to normal function is done as if a unit step had occurred on the input. 


Limitation Function 


The limitation function limits the output signal to the limit values at the inputs OHL for upper limit and OLL for the lower limit. 
If the actual value exceeds the upper limit, the output O=HL is set to 1 and if it falls below the lower limit, the output O=LL is 
set to 1. In the limiting state VPOS(t), VNEG(t) and O(t) are set to the limit value concerned. 


The element checks that the upper limit value OHL is greater than the lower limit value OLL. If this is not the case, the output 
ERR is set to 1. While the error status persists, the outputs O=HL, O=LL and O retain the values they had in the sample before 
that in which the error occurred. 


3BSE 009 177R201 121 


PC Elements Advant® Controller 70 Reference Manual 
Ramp Generator 


OHL 


BALREF 


Function diagram 


VNEG(t)=O(t) 


I 
a 


Al (t)}<STEP- 


Relation between input, output and auxiliary variables under normal conditions 
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Summary 


Register REG (REGister) is used as a memory element with 
an optional number of positions. The value of the data can be 
integer, real number, Boolean or time. 
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REG 


REG 
(C1, C2) 
a i lS 
SS ee 
ee als" 
11 | 11 o1 L412 
13 -| 12 02 114 
- 942xc2 | 102 oc2 |10+2xc2 —_ 


PC element REG 


Call REG (C1, C2) 

Parameter Significance Permissible values 

C1 Data type |, IL, R, B, T, TR 

C2 Number of places}1 ... 35 
Terminal Description 

No Name Type Description 

1 cS) IB Set. Input for loading new data, each time the element is executed. When S is set to 0, the 

last data loaded remains. 

2 IB Load. Dynamic input for loading data to the register. Loading is performed when L goes to 1, 
3 R IB Reset. Input for clearing the register. R prevents all further entry while it is 1. 

11 I IC Input 1. Input data to position 1. 

12 O1 OC1 Output 1. Output data from position 1. 

13 I2 IC1 Input 2. Input data to position 2. 

14 02 OC! Output 1. Output data from position 2. 

942xC2 IC2 IC1 Input C2. Input data to position C2. 

10+2xC2)OC2 OC! Output C2. Output data from position C2. 
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Function 


When input L becomes 1, the register is loaded with data from inputs I1 ... IC2. Data previously in the register is replaced. If 
input S is set, loading is performed as above each time the register is executed. When S is reset after having been set, the data 
most recently loaded remains until the element is executed again, with input S, L or R set. Input S overrides L so that when input 
S is set, L has no effect. 


Clearing 


When input R is set, the register is cleared and all further entry is prevented. R overrides both S and L. 


REG 
5 N 1 o1 |_ 91 
12 
Ss >I . L 1 
ToL 
9 D4 R 
- 2 2 o2 |_ 92 | 
14 
e C 2 
eR 
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Function diagram 
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Group Data Register 


Summary 


REG-G (REGister - Group data) is used to assemble 
individual variables to a single variable of group type. 
The data type can be integer, real number, Boolean or time. 


Call REG-G (C1, C2, C3, C4, C5) 


NU BWNHE 
[ee eet eee co 


11—- 
12 — 


—— 10+C2 + 


PC element REG-G 


Parameter Significance Permissible values 
C1 Data type I, IL, R, B, T, TR 
C2 Number of inputs 0... 30 
C3 Selection of expander input EXP |0... 1 
C4 Number of places in group data for] 0 ... 254 
expander input EXP 

C5 Number of places in group data for|0 ... 255 
the output O. 

C2+C3xC4=C5 


Terminal Description 


REG-G 
(C1,C2,C3, 
C4,C5) 


Ss AERR 


Group Data Register 


REG-G 


No Name Type Description 

1 cS) IB Set. Input for loading new data each time the element is executed. The latest loaded data 
remains when S is reset. 

2 L IB Load. Dynamic input for loading data to the register. Loading is performed when L goes to 1, 

3 WR IB WRite. Dynamic input for changing of data at the place specified by AWR. 

4 AWR II Address WRite. Input for address to the data to be changed according to WR. 

5 R IB Reset. Input for clearing the register. R prevents all further entry while at 1. 

6 EXP IGC4C1 EXPander input. Input for group data to be linked with data at inputs I1 ... 1C2. 
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Terminal Description 


No Name Type Description 
7 AERR OB Address ERRor. Output which is set (to 1) if the address at AWR is greater than the number 
of inputs or is negative. 
11 11 IC1 Input 1. Input data to position 1. 
12 12 IC1 Input 2. Input data to position 2. 
10+C2 |IC2 IC1 Input C2. Input data to position C2. 
50 O OGC5C71 __| Output. Output for group data. 
Function 


REG-G combines individual variables of the same data type to a single group variable. The element has an expander input EXP 
for a group variable which can be used when more than 30 variables are to be linked together. Input S overrides L so that when 
input S is set, L has no effect. 


Normal Assembly 


When input S is set, data is continuously assembled at the group variable of the output. The group variable of the output consists 
firstly of group data from the input EXP and then of the values from the inputs I1 ... 1C2. The element acts as a latch when the 
input S is reset, the latest data assembled then remaining at the output. 


Loading 


If input L goes from 0 to 1, an assembly is performed to output O during this program cycle in the same way as during normal 
assembly. If S or R is set, L has no effect. 


Changing of Data at an Optional Place 


One of the ordinary data inputs I1 ... [C2 is used for changing of data at a special place in REG-G. The address (integer 1 ... C2) 
of the place at which data is to be changed is stated at the input AWR. The new data value is entered from the input to the 
relevant place at the moment that the input WR goes to |. If AWR = 0 and the input WR goes to 1, group data is read from the 
input EXP to their different places. Places which correspond to ordinary inputs are not affected. 


Clearing 


When input R is set, data at all places in the group register are cleared and all further entry is prevented. R overrides both 
S and L. 


Supervision 


The address at the input AWR is checked and if its value is greater than the number of inputs or negative, the error signal output 
AERR is set. When an error is detected AERR is set during one cycle if input WR is set. No place in the register is affected 
when an error occurs. 
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Group Data Register 
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Sequence Header 


Summary 


SEQ is used to control a sequence. 


Call SEQ (C1, C2, C3, C4, C5) 


SEQ 


SEQ 
(C1,C2,C3, 
c4,C5) 
——— 1 4 START RUN}-_ 5 — 
—._ 2 +» STARTC MODP - 6 — 
pS SR POS j- 9 = 
END 8 
—— 11 — MAN NEXT - 20 — 
—— 12 + UNCOND NEXTSTEP |— 21 — 
—— 13 4) STEP 
—— 14 4) JUMP C3 
—— 15 +4 JPOS 
—— 16 +4 HOLD 
—— 31 4 ALEN SEQAL | 35 — 
—— 32 +4 ALTD C4 SEQTE + 36 — 
STEPAL | 37 — 
——_— 414 - 45 — 
= 26 


PC element SEQ 


Parameter Significance Permissible values 
C1 Cyclicity in ms Allowed values are between 2 ms and 20000 ms in steps of 2 ms. 
C2 Place in the cycle time table] 1...251: place in the cycle time table, cyclic activation. 

and/or scheduling strategy. | 252: activation at initialization after power down. 

254: activation at warm start initialization after power down. 

C3 Selection of manual control] 0... 1 
C4 Selection of time function |0... 1 
C5") Selection of MMI function |Same values allowed as in AC 400 Series and MP 200/1 but in AC 70, no effect. 


(1) Parameter C5 is allowed for compatibility reasons to the AC 400 Series or MP 200/1-system. You can exchange AMPL-source code 
between AC 400 Series or MP 200/1, AC 110, AC 70 and AC 55 without problems. 
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No Name Type Description 

1 START IB Input for start of sequence. 

2 STARTC IB START Clock. Dynamic input for start of the sequence. Used when the sequence is to be run through 
once only. 

3 R IB Reset. Clearing of the elements of the sequence. 

5 RUN OB Indicates that the sequence is in operation. 

6 MODP OB MODify Permission. Specifies if the sequence may be modified from the engineering station. 

7 POS Ol POSition. Output which specifies the step number of the active step. 

8 END OB Output which is active when the last step of the sequence is active. 

11 MAN IB MANual. Input which is to be set for manual stepping of the sequence. 

12 UNCOND |IB UNCONDitional. Input which permits stepping even when the condition for the next step is not 
satisfied. 

13 STEP IB Input for step change. 

14 JUMP IB Input for jump to step specified by JPOS. 

15 JPOS I Jump POSition. Input which specifies the last part of the record designation for the step to which the 
jump is to be made. 

16 HOLD IB Input which is used to stop the execution. 

20 NEXT OB Output which is set when any condition for step change or jump is satisfied or when UNCOND is set. 

21 NEXTSTEP| Ol Step to which stepping in manual mode is performed. Is connected to the corresponding input of the 
data base element when MMC function is used. 

31 ALEN IB ALarm ENable. Input for start and stop of time measurement. 

32 ALTD IT ALarm Time Delay. Input for time after which SEQAL is to be set. 

35 SEQAL OB SEQuence ALarm. Output which is set when the time specified on ALTD has elapsed. 

36 SEQTE OT SEQuence Time Elapsed. Output for elapsed time. 

37 STEPAL OB STEP ALarm. Output for summary signal which indicates that the time set in an active subordinate 
step has elapsed. 

Function 


The sequence header SEQ is a superior execution controlling element for a number of sequence steps. How often the sequence 
is to be executed is specified with the call parameter C1 and the place in the cycle time table on which the order of execution of 
the execution units with the same cycle time is based is specified with the call parameter C2. The basic function can be extended 
with the call parameters C3, C4 and C5. Manual control of the sequence can be obtained by setting C3 to | at call. A time 
function can be obtained by setting C4 to 1. 
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Start of Sequence 


With normal execution, the sequence can be started with a pulse at the input START. The pulse is registered in an internal 
memory in the sequence header. If a fixed 1 is connected to START, the sequence can be connected for automatic restart after 
resetting. If the sequence is to be run through only once, it must be started with STARTC. STARTC is a dynamic input and the 
internal memory of the sequence header is only affected when the input status is changed from 0 to 1. After a start, the output 
RUN is set and the condition input for the first step is checked. If the condition is satisfied, the first step and its elements are 
executed. 


Clearing 


If the input R is set, the sequence is executed in the reset mode. This means that all outputs on the elements within all of the 
steps of the sequence are given initial values, which in most cases is the 0-value of the data. Reading to the data base is done 
with the data value 0 for all data types. For the steps, reset execution is performed only during the cycle when R goes to 1. 

For the sequence header, reset execution is performed during each cycle while R is set to 1. Input R overrides the inputs START, 
STARTC and HOLD. 


RUN 


The output RUN is set when the sequence is under execution, i.e. when started with START or STARTC. RUN is cleared by R, 
HOLD and blocking functions introduced from service aids. 


MODP 
MODP is always true. 


POS and END 


The output POS specifies, with an integer (I), the last part of the record designation of the sequence step which is active. 
If POS is 0, the sequence header is active. The output END is set when the last step in the sequence is active. 


Manual Execution 


For manual stepping of a sequence, the input MAN must be set to 1. The sequence is started in the same way as with automatic 
stepping by setting START or STARTC to 1. When the condition for step change, or a jump condition, is satisfied, the output 
NEXT is set, and the step change can be performed with a pulse at the input STEP. Jumps have priority to ordinary step 
change.If stepping is required without the condition for the next step being satisfied, the input UNCOND must be set to | when 
STEP is set to 1. 


Jump in Sequence 


A jump can be obtained by setting the input JUMP. The jump is made to the step which is specified at the input JPOS. 

The step is specified by the last part of its record designation. The jump is performed irrespective of the status at the inputs 
MAN, STEP and UNCOND. If the MMC function is used and a jump is to be initiated by the operator via the dialogue, the 
operation mode must be MANM. A jump is not possible if HOLD or R is set. 


HOLD 


When HOLD is set, execution of active sequence steps is stopped. The calculated data remain until the next time the sequence 
step is executed. The execution is stopped and the output RUN is reset while HOLD is set to 1. The RUN output at the step 
header remains set. HOLD also stops the timers in the sequence header and the step headers. 
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Time Functions 


If the call parameter C4 is given as 1, a time function associated with the sequence header is obtained. A common signal 
STEPAL is obtained which indicates any time function which has elapsed in any of the steps. The switch on of the timer in the 
sequence header is delayed with accumulating time measurement controlled by the input ALEN. If ALEN is reset, the timer is 
stopped but its contents remain and when ALEN is set, the time measurement restarts from the value that applied when ALEN 
was reset. The setting of HOLD has the same effect on the timer as resetting ALEN. The timer can only be started when the 
sequence is active. When the time specified at the input ALTD has elapsed, the output SEQAL is set. When ALTD is set equal 
to 0, SEQAL is set to | irrespective of the state at input ALEN. The output SEQTE gives the time which has elapsed with the 
timer active. The timer is cleared when the complete sequence is cleared with the input R. A timer corresponding to that in the 
sequence header can be selected for the sequence steps. The output STEPAL, which specifies if the time set in the timer for the 
active step has elapsed, is located in the sequence header. STEPAL is set to 1 if the delay specified for the step concerned has 
elapsed. 


PCPGM 
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Shift Register SHIFT 


Summary 
Shift register SHIFT is used as a shift register of up to SHIFT 
250 positions. Data can be integers, real numbers, Boolean or (C1,C2) 
time. —— 2 -| F/B-N 
— 3-Sc 
a aR 
— 11-\IF oB L 12 —— 
—— 13-| 1B OF - 14 —— 


PC element SHIFT 


Call SHIFT (C1, C2) 


Parameter Significance Permissible values 
C1 Data type I, IL, R, B, T, TR 
C2 Number of places} 2 ... 250 


Terminal Description 


No Name Type Description 

2 F/B-N IB Forward/Backward-N. Input for selection of shift direction. Shifting is forward when F/B-N=1 
and backward when F/B-N=0. 

3 C IB Control. Dynamic input for shifting. 

4 R IB Reset. Input for clearing the shift register. All further shifting is prevented when R=1. 

11 IF IC1 Input Forward. Input data with forward shift. 

12 OB OC! Output Backward. Output data with backward shift. 

13 IB IC1 Input Backward. Input data with backward shift. 

14 OF OC! Output Forward. Output data with forward shift. 


Function, Forward Shift 


When input C goes to | and the input F/B-N is 1, data is shifted forwards in the register and data is read into position | from 
input IF. Data which before the shifting was located at output OF, is replaced at the shift forward by data at the position next to 
last. 
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Backward Shift 


When input C goes to | and the input F/B-N is 0, data is shifted backwards in the register and data is read into position C2 from 
input IB. Data which before the shifting was located at output OB, is replaced at the shift backward by data from position 2. 


Clearing 
The input R clears the shift register and prevents all further reading into the shift register. 
F/B-N & FORWARD 
® 
2 
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Function diagram 
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Slave Header SLAVEM 


Summary 


SLAVEM (SLAVE Module) is used for execution control of a SLAVEM (Cl, C2) 
slave module. 


PC element SLAVEM 


Call SLAVEM (C1, C2) 


Parameter Significance Permissible values 
C1 Identity of execution controlling The second part of the PC record 
master header designation of the master header. 
C2 Currently not used 
Function 


The slave header SLAVEM is an element header for a slave module. The numerical identity of the master header associated with 
the slave module is specified with the call parameter C1. This then becomes the second part of the PC record designation of the 
master as this must always be at the level directly subordinate to a program header. How often and in what order the slave 
module is to be executed in relation to other execution units is determined by the superior master header. The slave modules 
within the same master are executed in the order of the documentation. Blocking from service aids and PC programs is 
determined entirely by the master. 


Reading variables 
from the I/O devices, 
common data areas 

and other modules. < 


Normal execution of 
elements 


For all slave modules 
< < of the related Master. 


Writing variables to 
the I/O devices, 
common data areas, and 
other modules. 4 
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Summary 


SQRT (SQuare RooT) is used to calculate the square root of a 
real number. The result can be multiplied by an optional 
value. 


Call SQRT 


Terminal Description 
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Square Root 


SQRT 


KVI 
1-1 OL 5 —— 
2-\kK ERR | 6 —— 


PC element SQRT 


No Name Type Description 
1 | IR Input. Input for number of which the square root is to be calculated. 
2 K IR Input for multiplication factor K. 
5 O OR Output. Output for the product of the value at input K and the square root of the value at 
input I. 
6 ERR OB ERRor. Output which is set if the value at input is negative. 
Function 
The square root of the value at input I is calculated. The result is multiplied by the value at input K. The product is stored at the 
output O. 
Supervision 


If the value at the input I is negative, the error output ERR is set to 1. The value 0.0 is then stored at the output O. 
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Set/ Reset Memory SR 


Summary 


The memory element SR (Set Reset memory) is used as a — l1- 
memory for Boolean variables. al 


Ss 
R 


PC element SR 


Call SR 
Terminal Description 
No Name Type Description 
1 Ss) IB Set input. 
2 R IB Reset input which overrides the set input. 
5 - OB Output from the memory element. 
Function 


The element output is set (to 1) if the set input is set at the same time that the reset input is reset (to 0). If the reset input is set, 


the output is unconditionally reset. 


5 aie 
21 & 


Function diagram 


136 3BSE 009 177R201 


Memory Elements 


Summary 


SR-AA, SR-AO, SR-OA and SR-OO (Set Reset memory - A 
= And, O = Or) are used as a memory for Boolean variables. 


PC Elements Advant® Controller 70 Reference Manual 


Memory Elements 


SR-AA, SR-AO, SR-OO, SR-OA 


The elements have different gate elements for condition 


generation at the set and reset inputs. 


Call SR-AA (C1, C2), SR-AO (C1, C2), SR-OA (C1, C2) SR-OO (C1, C2) 


146 Ss ee) 
ona 

11421 /R 

12 + 


PC element SR-AO 


Parameter Significance Permissible values 
C1 Number of inputs in the set gate 1...9 
C2 Number of inputs in the reset gate 1...9 
Terminal Description 

No Name Type Description 
1 = IB Input to the set function. 

2 = IB Input to the set function. 

C1 - IB Input to the set function. 

11 7 IB Input to the reset function. 

12 - IB Input to the reset function. 
10+C2 |- IB Input to the reset function. 

20 - OB Memory element output. 
Function 


The output is set to | if the conditions for the set gate (AND or OR) are satisfied at the same time that the conditions for the reset 
gate are not satisfied. If the conditions for the reset gate are satisfied, the output is unconditionally reset. 
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Set/ Reset Memory with Data Input 


Summary 


The memory element SR-D (Set Reset memory - Data input) 


Call SR-D 


Terminal Description 


SR-D 


mWN ER 


On 


PC element SR-D 


No Name Type Description 
1 cS) IB Set input. 
2 D IB Data input. 
3 C IB Clock. Dynamic input for entry of data from the D input. 
4 R IB Reset input which overrides all other inputs. 
5 - OB Output from the memory element. 
Function 


If only the S and R inputs are used, SR-D functions as an ordinary SR element. When the input R is reset and the input C goes to 
1, the value at the input D is stored at the output 5. When the input R is set, the output 5 is unconditionally reset, i.e. R overrides 
the other inputs. 


> 


a 


—————— | 
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Step Header STEP 


Summary 
: 145 : STEP 
The step header STEP is used to partition a sequence into (ei coc Ba 
sequence steps. C5;C6, C7,C8) 
Fl — STEPNO 
1 —| COND RUN-L 5 — 
12 —| ALTD (on ALTE - 16 — 
21-scowDl tt tt—~S 
22 -| JPOS1 
” ” C2 
19+2*C2 —| JCOND2 
20+2*C2 -| JPOS2 
31jRLl ti it~ 
32 —| RH1 
” ” C3 
29+2*C3 | RLC3 
30+2*C3 —| RHC3 
41 |STEPTO C4 
si 4 
— >c4 LL. 61 
fea) |. 62 
104 4 
PC Element STEP 
Call STEP (C1, C2, C3, C4, C5, C6, C7, C8) 
Parameter Significance Permissible values 
C1 Selection of time function 0... 1 
C2§ Number of jumps 0...4 
C3 Number of reset groups 0...4 
C4 Selection of alternative execution order 0... 1 
>ca(!) Same values allowed as in AC 400 Series or MP 200/1 but in 
AC 70 -system no effect. 


(1) Parameters >C4 is allowed for compatibility reasons to the AC 400 Series or MP 200/1- 
system. You can exchange AMPL source code between AC 400 Series or MP 200/1 and 
AC 110, AC 70 and AC 55 without problems. 
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Terminal Description 


No Name Type Description 

F1 STEPNO II Parameter input for STEP Number. F=0 for automatic step numbering according 
to the last number of the item designation. F=1...999 for manual step numbering. 

1 COND IB CONDition. Condition input for stepping. 

5 RUN OB Indicates that the step is active. 

11 ALEN IB ALarm ENable. Input for start and stop of time measurement. 

12 ALTD IT ALarm Time Delay. Input for alarm time. 

15 AL OB ALarm. Output for alarm. Set (to 1) when the time specified at the input ALTD has 
elapsed. 

16 ALTE OT ALarm Time Elapsed. Output for elapsed time. 

21 JCOND1 IB Jump CONDition 1. Input for jump to step specified by JPOS1. 

22 JPOS1 II Jump POSition 1. Specifies which step the jump is made to if JCOND1 is set. 

23 JCOND2 IB Jump CONDition 2. Input for jump to step specified by JPOS2. 

24 JPOS2 II Jump POSition 2. Specifies which step the jump is made to if JCOND2 is set. 

19+2xC2)JCONDC2 IB Jump CONDition C2. Input for jump to step specified by JPOSC2. 

20+2xC2 | JPOSC2 II Jump POSition C2. Specifies which step the jump is made to if JCONDCZ2is set. 

31 RL1 II Reset Low limit 1. Input for the number of the first step in the first group of steps 
to be cleared. 

32 RH1 II Reset High limit 1. Input for the number of the last step in the first group of steps 
to be cleared. 

33 RL2 II Reset Low limit 2. Input for the number of the first step in the second group of 
steps to be cleared. 

34 RH2 II Reset High limit 2. Input for the number of the last step in the second group of 
steps to be cleared. 

29+2xC3] RLC3 I Reset Low limit C3. Input for the number of the first step in the last group of steps 
to be cleared. 

30+2xC3 | RHC3 II Reset High limit C3. Input for the number of the last step in the last group of steps 
to be cleared. 

41 STEPTO II STEP TO. This input modifies the execution order of the sequence. The input 


determines which step should be next step in the sequence. To be used in 
convergence of a sequence (see the manual "MasterPiece - PC programming’). 
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Function 


The step header STEP is a supervisory element header for partitioning a sequence into sequence steps. Elements, function 
modules and blocks can be directly subordinate to a step header. How often and in which order the step is to be executed in 
relation to other execution units is determined in the supervisory sequence header. The element has a basic function which may 
be extended by setting one or more of the call parameters C1, C4 to a value different from 0. A time function can be obtained 
with the call parameter C1. Jump and reset functions can be obtained with C2 and C3. With C4 an alternative execution order is 
obtained. 


Step Number 


If parameter input STEPNO has the default value 0, step numbering is performed automatically according to the last number of 
the STEP element's item designation. If you wish to have other step numbers, number | ... 999 can be given explicitly at the 
STEPNO parameter input. It is the user's responsibility to give each step an unique step number. 


Basic Version 


The basic version of STEP includes only the condition input COND for stepping and the output RUN which indicates that the 
step is active. 


Normal Execution 


A step change takes place if the sequence is executing normally in accordance with the conditions in the sequence header and 
the COND input of the following step is set to 1. A step may also become active through a jump from the sequence header. 

A step may become active without COND being set to 1. This occurs when UNCONDitional on the sequence header is used. 
With the step change, the RUN output of the active step is reset, after which the elements in this step are executed once in the 
normal way. The RUN output of the new active step is then set and the elements in this step are then executed. If the input 
HOLD on the supervisory sequence header is set to 1, execution of the active step is stopped and the RUN output remains set. 


Time Function 


If the call parameter C1 is specified as 1, a timer with accumulating time measurement, controlled by the input ALEN, 

is obtained. If ALEN is reset, the timer is stopped but the contents remain and when ALEN is set, the time measurement 
continues from the value which applied when ALEN was reset. Setting HOLD in the supervisory sequence header gives the 
same result on the time measurement circuit as the resetting of ALEN. The timer can only be started when the step is active. 
Elapsed time is specified at the output ALTE. When the time specified at the input ALTD has elapsed, the output AL is set. The 
timer is reset when the step is cleared by another step (see below) or by the setting of the R input in the supervisory sequence 
header. 


Jump 


When any of the condition inputs JCOND1 ... JCONDC2 are set, a jump is performed to the step specified at the corresponding 
input of JPOS1 ... JPOSC2. If several condition inputs are set at the same time, a jump is made to the step specified by the input 
with the lowest sequential number. If the conditions for step change are satisfied at the same time as those for a jump, the jump 
is performed. No jumps can be performed when the input HOLD on the supervisory sequence header is set. If the input MAN on 
the sequence header is set, a jump is not made until the input STEP is set. 


When executing the step, the elements included are executed first, after which the jump conditions are checked. If both the 
conditions for jump and those for step change are satisfied, the jump is made. If JPOS=0 for the jump input concerned, a jump is 
made to the supervisory sequence header. If the step specified by the JPOS input does not exist, the sequence stops. 
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Clearing of Step 


When a sequence step has been active, the data calculated remains, provided that the RUN output is not included as a condition 
for those data. Calculated data can be cleared by a later sequence step. One or more steps in succession can be cleared 
simultaneously. The step from which clearing is to be performed is specified with an integer (I) on one of the inputs 

RL1 ... RLC3. The step to be cleared is specified with an integer (I) on the corresponding input of RH1 ... RHC3. Clearing is 
performed when leaving the step with a normal step change, or with a step change, controlled by a jump condition. If RL=0, the 
complete sequence is cleared, which corresponds to a reset on the sequence header. In this case RH has no effect. If the RL value 
does not exist, there is no reset. If RH does not exist or has a value which is smaller than RL, the reset is performed at the end of 
the sequence. 


Alternative Execution Order when Joining Branched Sequences 


Normally the steps are executed in the order they are build according to the PC diagram. When a sequence is branched, the jump 
function is used. However, when joining several sequence branches, it is better to use the alternative execution order function. 


Input STEPTO then determines which step should be next step in the sequence. This step will be next step in the sequence 
irrespective of where it is situated in the PC diagram. Several sequence branches can have the same step determined as next step. 
Thus it is possible to join several sequence branches to a common step irrespective of where the steps are situated in 

the PC diagram. If STEPTO=0 the execution is changed to a supervisory sequence head, and if STEPTO gives a non-existing 
step, the sequence is interrupted. Example: In the branched sequence, the left branch is build as a straight, normal sequence. 
Branching is performed with jumps (C2=1 and JPOS1=8 in step 3) and the joining of the branches is executed with alternative 
execution order (C4=1 and STEPTO=5 in step 8). Thus step 5 will follow step 8 when executing the sequence. 

The step following step 8 in the PC diagram (in this case step 9) will not affect the execution of step 8 in any way. 


PC diagram 


PC1. PCPGM(40,1) 


SEQ(40,2) 


Branch 


STEP(0,1) 


Joining of 
branches 


STEP(0,0,0,1) 


Example of branched sequence with joining of branches 
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Step Header 
1 
SEQ oe 
ai & RUN 
21 : 
MAN & 
STEP 21 Normal execution of 
& 
cNGGND elements 
21 
R 
SEQ 
COND & 21 NEXT 
1 
END 
o_______| & 
& 
Step 2 
RUN 
& 
5 
& 
e____| 
COND x ye Normal execution of 
1 elements 
21 
rs Last 
RUN | Step 
& 
5 
& 
COND 


Normal execution of 
elements 


Function diagram 
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Subtractor 


Subtractor 


Summary 


SUB is used for subtraction of two integers or real numbers. 


Call SUB (C1 
Parameter Significance Permissible values 
C1 Data type I, IL, R 


Terminal Description 


SUB 


Pa eee 


1 
pa 
PC element SUB 


No Name Type Description 

1 = IC1 Input for minuend. 

2 7 IC1 Input for subtrahend. 
20 - OC! Output for difference. 
Function 


The value at input 2 is subtracted from that at input | and the result is stored at output 20. 


Overflow 


If the maximum positive or negative values are exceeded, the output is limited to the highest or lowest representable value for 


the data type. 
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SW 


Summary 
SW (SWitch) is used as a connection element for data and has sw 
: : ; : 1,C2 
an optional number of channels with closing function. The Enea 
data type can be integer, real number, Boolean or time. —— Lact - 
11 
21 22 
—_10xC2+1 10xC2+2 


Call SW (C1, C2) 


PC element SW 


Parameter Significance Permissible values 
C1 Data type I, IL, R, B, T, TR 
C2 Number of channels 1...9 
Terminal Description 
No Name Type Description 
1 ACT IB ACTivate. Input for activation of the switch. When the input is set to 1 the switch is activated, 
11 - IC1 Input to channel 1 which is connected to the output for channel 1 when the switch is 
activated. 
12 - OC1 Output from channel 1. 
21 = IC1 Input to channel 2 which is connected to the output for channel 2 when the switch is 
activated. 
22 - Oc! Output from channel 2. 
10xC2+1 - IC1 Input to channel C2 which is connected to the output for channel C2 when the switch is 
activated. 
10xC2+2|- OC! Output from channel C2. 
Function 


When the control input ACT is 0, the output data is 0 according to the data type. When ACT is set, data comes from the 
inputs 11 ... 10xC2+1. 
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Changeover Switch SW-C 


Summary 
SW-C (SWitch - Changeover) is used as a connection element sw-C 
: ; LC2 
for data and has an optional number of channels with Maes 
switching function. The data type can be integer, real number, —— Lact 
; 11 13 
Boolean or time. 1D 4 
21 23 
22 a“ 
—-10xC2+1 10xC2+3 — 
—10xC2+2 4 


Call SW-C (C1, C2) 


PC element SW-C 


Parameter Significance Permissible values 

C1 Data type I, IL, R, B, T, TR 

C2 Number of channels Hice9 

Terminal Description 
No Name Type Description 

1 ACT IB ACTivate. Input for activation of the switch. When the input is set to 1 the switch is activated. 

11 - IC1 Input for channel 1 which is connected to the output for channel 1 when the switch is activated. 
12 - IC1 Input to channel 1 which is connected to the output for channel 1 when the switch is not activated. 
13 - IC1 Output from channel 1. 

21 - IC1 Input to channel 2 which is connected to the output for channel 2 when the switch is not activated. 
23 OC1 Output from channel 2. 

1 OxC2+1 |- IC1 Input to channel C2 which is connected to the output for channel C2 when the switch is activated. 
10xC2+2 |- IC1 Input to channel C2 which is connected to the output for channel C2 when the switch is not 

activated. 

10xC2+3 |- Oc! Output from channel C2. 

Function 


When the control input ACT is 0, the data from the inputs 12 ... 10xC2+2 are connected to the appropriate outputs. When ACT 
is set, data comes from the inputs 11 ... 10xC2+1. 
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Element for Calculation of System Load SYSL 


Summary 
SYSL (SYStem Load) calculates the system load. If the SYSL 
system is overloaded this is indicated. Inputs and outputs for (C1) 
handling of maximum load may be selected with a call 1 _| max Loan | 5 __ 
parameter. —— 2-]HYS OVERL | 6 —— 
L>ML + 7 —— 
PC Element SYSL 

Call SYSL (C1) 

Parameter Significance Permissible values 

C1 Determines whether inputs and outputs for the] 0 ... 1 

maximum load is to be included in the element, 

Terminal Description 

No Name Type Description 

4(1) MAXL IR MAXimum Load. Input for maximum system load. 

2(1) HYS IS HYSieresis. Input for hysteresis for maximum system load. 

5 LOAD OR Output for system LOAD in percent. 

6 OVERL OB OVERLoad. OUTPUT that is set to 1 when the system is fully loaded. 

7(1) L>ML OB Load > Maximum Load. Input that is set to 1 when the load exceeds the value specified at 

the input MAXL. 


(1) These connections are only included if the call parameter C1=1. 


Function 


If the system is fully loaded the output OVERL is set to 1. The system load in percent (%) is given at the output LOAD. If the 
call parameter C1 has been set to | the element will have inputs MAXL and HYS, for maximum load and hysteresis 
respectively. When the load MAXL is exceeded the output L>ML is set to one. L>ML is reset when the load lowers to below 
MAXL-HYS. If MAXL is higher than 100 the value 100 is used. If HYS is higher than MAXL the MAXL is used. If MAXL or 


HYS is negative the value 0 is used. 
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Time and Date Element 


Summary 


SYSTIME is used to get actual time and date 


Call SYSTIME 


Terminal Description 


SYSTIME 


MILLI 
SECOND 
MINUTE 
HOUR 
DAY 
MONTH 
YEAR 
WEEKDAY 


PC Element SYSTIME 


SYSTIME 


foo om on) 


11s 
LZ 
i 
1677 


No Name Type Description 
5 MILLI Ol Output for millisecond (0 ... 999) 
6 SECOND Ol Output for second (0 ... 59) 
ts MINUTE Ol Output for minute (0 ... 59) 
8 HOUR Ol Output for hour (0 ... 23) 
i DAY Ol Output for day of month (1 ... 31) 
12 MONTH Ol Output for month (1 ... 12) 
13 YEAR Ol Output for year (21990) 
16 WEEKDAY _ | Ol Output for day of week (1 ... 7):Monday=1,..., Sunday=7 
Function 


Actual system time and date are output at the terminals of the PC element. 
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Summary 


THRESH-L (THRESHold - Logic) is used to determine 
when more than, or equal to, a given number of Boolean 
signals are set (to 1). 


Call THRESH-L (C1, C2) 


PC Elements Advant® Controller 70 Reference Manual 


Threshold Function 


THRESH-L 


= 24 


2 


toe 


es DiQhe- —— 


PC element THRESH-L 


Parameter Significance Permissible values 
C1 Threshold value | 1... C2 
C2 Number of inputs | 1... 19 
Terminal Description 
No Name Type Description 
1 = IB Input for the first Boolean value. 
2 - IB Input for the second Boolean value. 
C2 - IB Input for the last Boolean value. 
20 - OB Output which is set to 1 if C1 or more of the inputs 1 ... C2 are set. 
Function 


The TRESH-L element is used to determine if more than, or equal to, a specified number of Boolean values in a group are set 
to 1. If so, the output (20) is set. 
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Time Selector TIMER 


Summary 
TIMER is used to generate a pulse with a duration determined TIMER 
by two times in the same (24 hour) day. (C1) 


11) YEAR1 01116 


BP 
W 
pi tli 
iw) 
Pa 
K 
BR 


————— 21+ YEAR2 02 126 


i) 
Ww 
[Posh ft Api 
1) 
Q 
K 
i) 


+ YEARC1 0C1 }10xC1+6 — 

10xC1+2— WEEKC1 
+ DAYC1 
+ TONC1 

10xC1+5— 4 TOFFC1 


PC element TIMER 


Call TIMER (C1) 


Parameter Significance Permissible values 


C1 Number of times |1...9 


Terminal Description 


No Name Type Description 

5 ERR OB ERRor. Error signal which is set to one when any of the inputs have values outside the permitted 
time range. 

11 YEAR1 II Input which specifies which year the pulse is to be given from the first time element. The value 0 
means a pulse is to be given each year. 

12 WEEK1 II Input which specifies which week the pulse is to be given from the first time element. The value 
0 means a pulse is to be given each week. 

13 DAY1 II Input which specifies which day of the week the pulse is to be given from the first time element. 
The value 0 means a pulse is to be given each day. 

14 TON1 IT Time ON 1. Input which specifies at which time the pulse from the first time element is to begin. 

15 TOFF1 IT Time OFF 1. Input which specifies at which time the pulse from the first time element is to end. 

16 O1 OB Output 1. Output at which a pulse appears between the times specified at the inputs TON1 and 
TOFF1. 

21 YEAR2 II Input which specifies which year the pulse is to be given from the second time element. The value 


0 means a pulse is to be given each year. 
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No Name Type Description 

22 WEEK2 il Input which specifies which week the pulse is to be given from the second time element. The 
value 0 means a pulse is to be given each week. 

23 DAY2 I Input which specifies which day of the week the pulse is to be given from the second time 
element. The value 0 means a pulse is to be given each day. 

24 TON2 IT Time ON 2. Input which specifies at which time the pulse from the second time element is to 
begin. 

25 TOFF2 IT Time OFF 2. Input which specifies at which time the pulse from the second time element is to 
end. 

26 02 OB Output 2. Output at which a pulse appears between the times specified at the inputs TON2 and 
TOFF2. 

10xC14+1 |YEARC7 /Il Input which specifies which year the pulse is to be given from the last time element. The value 0 
means a pulse is to be given each year. 

10xC14+2 |WEEKC7 |Il Input which specifies which week the pulse is to be given from the last time element. The value 
0 means a pulse is to be given each week. 

10xC1+3 |DAYC7 II Input which specifies which day of the week the pulse is to be given from the last time element. 
The value 0 means a pulse is to be given each day. 

10xC1+4 | TONC7 IT Time ON C7. Input which specifies at which time the pulse from the last time element is to begin, 

10xC1+5 |TOFFC7 |IT Time OFF C7. Input which specifies at which time the pulse from the last time element is to end. 

10xC1+6 |OC7 OB Output C7. Output at which a pulse appears between the times specified at the inputs TONC7 
and TOFFC?7. 

Function 


TIMER is used to produce a pulse between two times within one (24 hours) day. The day is specified by year, week number and 
day number within the week. The duration of the pulse is determined by the inputs TON and TOFF. The generated pulse can be 


used to start required functions. 


YEAR Input 


The year during which the pulse is to be obtained is specified at the inputs YEARI ... YEARC/. If the year is given as 0, 
a pulse is given each year. In addition to 0, years 1980 to 2099 can be given. 


WEEK Input 


The week during which the pulse is to be obtained is specified at the inputs WEEK! ... WEEKC7. If the week is given as 0, 
a pulse is given each week. In addition to 0, week numbers | to 53 can be given. If week 53 is specified in a year that does not 
have a week 53, no pulse is produced. 
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DAY Input 


The day of the week during which the pulse is to be obtained is specified at the inputs DAY1 ... DAYC/. If the day is given as 
0, a pulse is given each day of the week. In addition to 0, day numbers 1 to 7 can be given. Day 1 refers to Monday and day 7 is 
Sunday. 


Rules for Week and Day Numbering 


Weeks and days are numbered in accordance with the ISO standard. Monday is considered to be the first day of the week. 
The first week which contains at least 4 days is considered to be the first week of the year. When days are referred to by year- 
week-day, the change of year is on week 1, day 1. 


Example: | Jan. 1995 is given as 1994 52 6 


TON and TOFF Inputs 


At which time a pulse is to begin or end respectively is given at the inputs TON and TOFF. TON and TOFF must be within the 
same 24 hour period, i.e. TON<TOFF. Time specifications can vary from 00:00:00.000 to 23:59:59.999. For repetition within 
a 24 hour period, e.g. each hour, external elements are required. 


Examples of Selection of Day 


YEAR WEEK DAY Significance 
0 0 0 Each day. 
1980 ... 2099 0 0 Each day during a certain year. 
1980 ... 2099 1...53 0 Each day during a certain week during a certain year. 
1980 ... 2099 0 Arsen F A certain day each week during a certain year. 
0 1.203 0 Each day during a certain week every year. 
0 0 ena A A certain day of each week, every year. 
0 12.53 1...7 A certain day of each year. 
1980 ... 2099 1...53 Waste ZL A particular day. 
Supervision 


If any input has a value outside the permitted range, the error signal ERR is set (to 1). 


1 
10s Conn. 


0 fe) 


rs 


00.00 01.00 02.00 03.00 04.00 05.00 06.00 07.00 08.00 09.00 10.00 
Time pulse diagram 
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Time Delay On/ Time Delay Off TON/ TOFF 


Summary 
Time delay on TON (Timer ON-delay) and time delay off T 
TOFF (Timer OFF-delay) of Boolean variables for use in = ag ee 
connection with combined expressions. 
PC element TON 
T 

Call TON TOFF | 0. }s6i 

=—} 2:4) tp TE} 6. = 


PC element TOFF 


Terminal Description 


No Name Type Description 

1 | IB Input for start of time delay. 

2 TD IT Time Delay. Input for preset time. Max 23h 59m 59.999s. 

5 O OB Output. Output which is set (TON) or reset (TOFF) when the preset time has elapsed. 

6 TE OT Time Elapsed. Output which specifies how long | has been set (TON) or reset (TOFF). 
When the preset time (TD) has elapsed, TE stops. 


Function 


TON 


The input variable to the input I is obtained delayed at output O when the input variable changes from 0 to 1. 
The output signal returns immediately the input variable changes from | to 0. 


TOFF 


The input variable to the input I is obtained delayed at output O when the input variable changes from | to 0. 
The output signal is set immediately the input variable changes from 0 to 1. 
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Example of time diagram for TON with preset time 3 s 


Example of time diagram for TOFF with preset time 3 s 
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Summary 


TON-RET (Time delay ON - RETentive) switch-on delay 
with accumulating time measurement of Boolean variables for 
use in connection with combined expressions. TON-RET is 
used for e.g. operational time monitoring. 


Call TON-RET 


Terminal Description 
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TON-RET 


Se AT |__| 7 
gD aR 
aS 0) TEL 6 —— 


PC element TON-RET 


No Name Type Description 

1 | IB Input for start of time delay when the input changes from 0 to 1. The time circuit maintains its status even 
when the input returns to 0. Output which is set when the preset time has elapsed. 

2 R IB Reset. Input which resets the timer. R must be reset (to 0) for the timer to function. 

3 TD IT Time Delay. Input for preset time, i.e. the time during which the input | must be set (to 1). 
Max 23h 59m 59s. 

5 O OB Output which is set when the preset time has elapsed. 

6 TE OT Time Elapsed. Output which indicates the time during which | has been set to 1. 


Function 


The input variable to the input I is obtained delayed at the output O when the input variable changes from 0 to 1 in accordance 
with the time pulse diagram in figure 2. If the input variable returns to 0, the time which has elapsed remains in the timer and 
when the variable returns to 1, the time continues from the value which applied when the variable went to 0. The input R must 
be reset (to 0) when the timer functions. If R is set (to 1) both outputs O and TE are reset. 


Example of time diagram with preset time 3 s 
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Trigger 


Trigger 


Summary 


The triggering element TRIGG is used for, for example, 
reducing impulse times at the start of automatic procedures 


and for calculating functions. 


Call TRIGG 


Terminal Description 


TRIGG 


— 1i-) 1 -5 —— 


PC element TRIGG 


No Name Type Description 

1 - IB Input for start of trigger pulse. 
5 - OB Output for trigger pulse. 
Function 


When the input signal is set (to 1) the output signal is also set. The output signal is cleared during the next program cycle, 
irrespective of the value of the input signal. For the output signal to be set, the input signal must have been 0 during one program 
cycle. The output signal from the element may only be used within its own execution unit as detection of it is otherwise not 


certain. 


Conn. 
1 —$<—<$<__—__I 


Conn. 


1 program cycle 


| ; 


Time diagram 


156 


3BSE 009 177R201 


Exclusive Or Gate 


Summary 
XOR (eXclusive OR) is used to generate combined 


expressions with Boolean variables. 


Call XOR 


Terminal Description 
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PC element XOR 


Exclusive Or Gate 


XOR 


No Name Type Description 
1 - IB Input 
2 - IB Input 

5 - OB Output 
Function 


The output signal from the XOR element is | if the input signals are different and 0 if they are equal, see the table below. By 
inverting the output of the XOR element, a | is obtained if the signals are equal. 


Table Input and Output Signals 


1 2 5 
0 0 0 
0 1 1 
1 0 1 
1 1 0 
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